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ABSTRACT 

The  design  and  construction  of  a LEVEL  DENSITY  ANALYZER  for  use  in  the 
measurement  of  shipboard  RADIO  FREQUENCY  INTERFERENCE  consisted  of  integrating 
various  analog  and  digital  integrated  circuits  and  related  electronic  compon- 
ents to  enable  accurate  level  analysis  of  a broad  range  of  analog  signals 
including  noise  and/or  electromagnetic  waves  which  constitute  radio  frequency 
interference.  The  overall  design  and  system  goals  were  to  be  able  to  adequately 
sample  an  analog  signal,  classify  it,  convert  the  classification  to  digital 
data  and  provide  outputs  to  be  logged  either  by  manual  or  magnetic  tape  means. 
The  design  and  construction  efforts  efficiently  and  economically  achieved  these 
goals. 
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I*  INTRODOCTIOH 


ihy  is  there  a need  to  design  and  ccnstruct  a Level 
Density  iialyser  Systea  for  use  in  shipboard  aeasureaent  of 
Radio  Pregucocy  Interference? 

Ihe  relatively  new  technology  of  satellite 
cciiunicaticcs  has  prompted  the  Navy  tc  ioplesent  the 
developscEt  and  installation  of  a viable  and  effective  Pleet 
Satellite  Ccisunication  Systen.  A satellite  coanunication 
systes  affcrds  several  advantages  that  have  keen 
unrealizable  in  the  past,  and  the  nost  inpcrtant  advantage 
is  the  ability  to  communicate  long  range  to  remote 
geographical  positions  throughout  the  world.  In  the  past 
long  range  ccamunications  has  depended  on  the  HF  spectrum  in 
which  radio  signals  are  subject  to  the  effect  of  ruierous 
variations  and  disturbances  in  the  propagation  channel.  The 
perturbations  in  the  propagation  channel  result  free  such 
effects  as  sunspot  cycles,  ionospheric  density  variations, 
weather  activity,  lan-made  background  noise  levels  and  radio 
freguency  interference  (BFI)  caused  by  the  vast  number  of 
emitters  sharing  the  high  freguency  spectrum.  In  addition 
effective  long  range  communications  was  generally  maintained 
cnly  by  use  of  relatively  high  powered  transmitters  and 
physically  large  antenna  sites.  The  introduction  cf  an 
orbital  satellite  relay  station,  on  the  other  hand,  has  made 
long  range  ccamunications  possible  with  lower  power 
transmitters  and  correspondingly  smaller  antenna 
installations  radiating  modulated  signals  in  the  UHF  and  SHF 
bands. 

Communications  via  satellite,  however,  is  not  without 
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pickless.  lk€  use  cf  lower  pcwer  transsitters  at  UHF  and  SHF 


results  ic  very  ssall  power  densities  at  the  antennas  cf  the  Ij 

ccasunicatiocs  receiver  systems.  The  large  distances 
involved  in  the  propagation  channel  (ground  to  satellite  and 
satellite  tc  ground)  plus  the  effects  cf  atmospheric 
scattering  and  attenuation  greatly  challenge  the  design  of 
sensitive  receiver  and  signal  processing  systess.  Hitb 
tbese  inherent  problems  at  the  receive  terminals  the 
presence  cf  BIOIO  FBEQOEliCI  IHTEBFEBBMCE  is  detrimental  to 
the  effectiveness  cf  the  satellite  communications  system. 

The  sources  and/cr  affects  of  BFI  must  be  controlled  or 
reduced  tc  increase  and  maintain  the  quality  and  reliability 
of  the  cosBunications  system.  This  problem  is  of  even 
greater  ispoitance  when  the  ground  receive  terminals  are 
located  in  the  closed  environment  of  Navy  ships  which  are 
equipped  with  a large  number  and  variety  of  emitters 
operating  at  frequencies  thronghcut  the  radio  spectrum.  In 
addition  the  close  proximity  of  motors,  generators  and  ether 
electrical  and  mechanical  systems  add  to  the  potential  of 
radio  frequency  interference.  All  of  these  electromagnetic 
field  (EH)  senrees  potentially  combine  to  produce  undesired 
intermodulaticn  products,  high  order  harmonics  and  increased 
background  seise  levels  which  reduce  the  effectiveness  of 
the  receiver  syster.. 

The  prcblem  then  is  to  develop  procedures  and  hardware 
to  reduce  the  effects  of  radio  frequency  interference;  and, 
just  as  ic  any  problem  solution^  the  first  step  is  to 
carefully  define  the  problem  and  all  cf  the  relating 
parameters.  Therefpre  the  electromagnetic  envircement  of 
ships  at  sea  and  in  port  must  be  accurately  characterized 
vithin  the  radio  frequency  spectrum  of  interest.  The 

frequency  bard  available  for  Navy  satellite  communications 
is  in  the  DHF  spectrum  from  240  to  400  MHz.  The 

characterization  of  the  shipboard  electromagnetic 
envirenment  in  this  band  must  include  determination  of 
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tackg£ou£d  Dcise  levels,  the  statistics  o£  iapulse  noise 
levels  and  thei£  £ate  of  occutence,  the  effects  of 

intetaodulaticn  p£cd«cts,  the  effects  of  spect£ua  splatte£ 
due  to  £ada£  and  othet  coaaanications  eguipaent  atd  the 
po«e£  levels  of  HF  and  VHF  highet  C£de£  hatacnics  within  the 
OHF  band.  The  cha£acte£ization  aust  be  fu£the£  divided 
to  include  the  EH  envitonaeots  of  sevetal  selected  and 
tepzesentative  classes  of  Mav;  ships. 


Ihis  HC£k  £epo£ts  on  the  design,  cont£uction,  testing, 
applicaticn  and  aaintenance  of  an  insttuaentaticn  system 
designed  to  pzcvide  a sou£ce  of  data  fo£  the  statistical 
analysis  cf  iapulse  noise  levels,  backgnound  noise  levels 


and  iapulse  cccu££ence  £ate.  The  system  is  defined  as  a 
IFVFI  OFMSIII  INAIIZ^B,  he£eafte£  £efe££ed  tc  as  an  *LCA*. 


The  LCA  Kas  designed  to  intetface  with  a coaplete  BFI 
Heasureaent  Sjstea  illustrated  in  block  diagraa  £cxa  in 
figure  1.  fcllowing  through  the  block  diagraa,  signals  in 
the  24C-40C  BBz  band  ^u:e  received  by  a conical  log  spiral 
antenna  and  passed  through  one  of  five  bandpass  filters 
which  are  selectable  by  reaote  control  frca  a 'Deck  Ccntrol 
Boz*.^  The  selectable  bands  are  240-272,  272-304,  304-336, 
336-368,  and  368-400  BHz.  The  signals  froa  one  cf  the 
filters  are  ccupled  to  the  BF  preamplifier  where  they  are 
aaplified  and  cabled  to  the  BF/Blanker  Systea.^  In  the  BF 
systea  the  signal  is  processed  to  provide  a blanking  pulse 
to  the  EF  channel  whenever  a large  amplitude  pulse-like 
signal  is  received.  The  BF  system  also  receives  an  input 
frca  an  external  Iccal  oscillator  which  is  nixed  with  the  BF 
signal  tc  provide  an  IF  signal  for  the  blanking  circuitry 
and  the  If  Amplifier  systea.  The  local  oscillator  which  is 
a synthesized  signal  generator  is  normally  set  30  HHz  below 
the  inccaing  BF  signal  to  produce  a 30  BHz  IF.  The  signal 
frca  the  BF/£lanker  Systea  is  connected  to  the  input  of  the 
If  Aaplifiex/Oetector  System^  which  provides  final 
prccessiog  of  the  si^gnal  before  being  connected  to  the  lOA. 
In  the  If  systea  the  signal  is  amplified  and  passed  tfarcugh 
cne  of  three  bandpass  filters— 3 KHz,  10  KHz  or  30  KEz — to 
tie  input  cf  a logarithmic  amplifies.  This  amplifier 
detects  the  signal  and  provides  a band  liaited  signal  with  a 
very  broad  dynaaic  range  to  the  LOA  System. 

Fictcrial  information  related  to  the  Level  Density 
Acalyzer  Systea  including  photos  and  scheaatic  diagraas  is 
contained  in  Appendixes  C and  D. 


II.  DESIGN  PARArtITEBS 


The  develcpieot  of  a system  to  provide  data  fee  the 
statistical  analysis  of  an  electromagnetic  environment  has 
mandated  the  following  criteria  to  achieve  the  desired 
design  gcals.  The  system  signal  processing  had  to  function 
on  a video  signal  which  was  processed  by  the  log  amplifier 
cf  the  IF  system  and  connected  to  the  LDA  in  the  fora  of  a 
baseband  signal  with  a bandwidth  of  1.5  KHz  to  15  KHz  and  an 
amplitude  dynamic  range  of  from  0 to  7.5  volts  peak.  The 
signal  bad  to  be  sampled  and  accurately  amplitude 
classified,  and  the  classification  had  to  encompass  a wide 
dynamic  range  frpm  0 up  to  approximately  50  dB  in 
predetermined  increments  of  either  3 dB  or  10  dB.  A wide 
range  cf  selectable  sampling  tine  periods  from  1 tc  1000 
seconds  was  leguired^  and  the  system  sampling  process  bad  to 
have  prcvisiccs  for  an  automatic  'run*  feature.  At  the  end 
cf  the  sampling  cycle  resultant  data  output  from  the  system 
had  to  be  legged  by  a digital  tape  recording  system.  The 
physical  parameters  of  the  system  had  tc  be  such  that  the 
instrument  package  was  light  in  weight,  stall  in  physical 
size,  and  immune  to  the  effects  of  BFI  and  power 
interruptions.  The  desired  electrical  characteristics 
included  lew  power  consumption,  noise  and  interference 
immunity,  reliability,  maintainability  and  ease  of 
operation.  The  system  finally  had  to  electronically 
interface  with  the  l?/Cecector  Signal  Processing  System  and 
the  RF  Blanking  System  which  reduced  the  effects  of  high 
amplitude  pulse  interference  such  as  a high  power  radar  by 
developing  pulses  to  'blank*  the  RF  channel  of  the  BFI 
fleasurement  System  ajid  to  be  counted  by  the  IDA  System. 
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fiefeEziog  to  tfae  IDA  systea  block  diagrai  io  figure  2 
the  specified  basic  opecatioo  of  the  systea  was  to  saaple 
the  input  analog  signals  for  a selected  pecicd  of  tiae. 


figure  2.  level  Density  Analyzer  Block  Diagraa. 


1 
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Bating  this  period  pf  tiae  each  saaple  was  to  be  classified 
by  aaplitcde,  and  each  classif ication  was  tc  generate  a 
signal  tc  enable  a series  of  fixed  period  counters.  The 
effect  was  tc  count  the  actual  percentage  of  the  tiae  period 
that  the  analog  input  signal  was  deterained  to  be  within 
specified  level  increaents.  For  exaaple  if  the  input  signal 
was  at  a ccnstant  level  of  -50  dBa  throughout  the  saipling 
period,  it  would  be  expected  that  the  counter  associated 
with  the  -50  dBa  level  would  display  a nuaber  representing 
100X  of  the  saipling  period.  The  saapling  periods  were  to 
be  integer  powers  of  ten  in  order  to  provide  a direct 
percentage  readout  and  an  indication  of  the  probability 
density  cf  the  input  signal  characteristics.  Either  3 d£  or 
1C  dB  increaents  of  dynaaic  range  were  to  be  selectable  by 
external  ccntzcl,  and  the  dual  selection  capability  would 
result  in  five  discrete  levels  of  input  signal 


{ 
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discriaicatico  for  each  o£  the  selectable  dynaaic  range 
incxeaents  thvs  iroYidiog  an  overall  discriaination  of  ten 
different  discrete  signal  levels. 

At  tbs  terainatipn  of  a saapliog  period  the  accuaulated 
data  and  the  actual  tine  of  coapleticn  of  the  cycle  «as  to 
be  provided  as  output  data  both  to  a digital  tape  recorder 
and  a visual  display  which  provided  a aeans  for  verification 
cf  proper  systea  operation  and  a source  of  data  for  legging 
by  hand  should  the  recording  systea  fail. 

Initiation  of  subsequent  saapliog  periods  could  Le 
iapleaented  aanually  or  autoaatically  with  provisiccs  for 
halting  cr  resetting  the  systea  cycle  at  any  point. 
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III.  ANi^LOG  SYSlSa  DESIGM 


A.  PBEAKELIIIEB 


figure  3.  Differential  Input  Aiplifier. 


The  C tc  15  KHz  logarithaic  bandliaited  input  signals 
are  susceptible  to  BFI,  power  line  noise  and  ground  Icops 
which  light  drastically  reduce  the  ef fectiweness  and 
efficiency  cf  the  systea  signal  processing;  therefore 
eitreae  care  was  exercised  in  designing  a buffer 
preaiplifier  to  aaplify  the  input  signal  frca  the 
If/Cetectcr  Systea.  The  paraaeters  required  for  input 
buffering  were  high  doaaon  aode  rejection,  relatively  large 
bandwidth,  fast  slew  rate,  and  good  supply  vcltage 
rejection.  Ibe  device  chosen  for  this  function  was  a 
National  Seaiconductor  LB318  precisicn  high  speed 
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operational  aaplifier  which  cffeis  typical  specificaticas  of 
a SO  Tclt/nsec  slew  rate,  100  dB  coaecn  aode  rejection 
ratio,  80  dS  power  supply  rejection  ratio  and  a 1 HH2  large 
signal  fregnency  response  characteristic.  The  LB318 
application  nctes^  were  utilized  to  develop  the  input 
buffering  dif ferentj.al  aaplifier  circuit  shewn  in  figure  3. 

The  gain  cf  an  inverting  differential  aoplifiez  under 
ideal  conditions  is  given  by: 


Ao 


B3 

iT 


(1) 


where  B1  is  the  input  resistanoe  of  the  aaplifier  and  E3  is 
the  feectaok  resistance,  and  because  the  operational 
aaplifier  inherently  tends  to  aaplify  the  difference  between 
the  inverting  and  noninverting  inputs;  signals  such  as 
induced  fifi  which  are  coamon  to  both  inputs  are  aaplified  on 
the  order  cf  100  dB  less  than  a signal  applied  to  only  one 
input  cf  the  operational  aaplifier. 

To  achieve  unity  gain  according  to  equation  (1) 
resistors  fil  through  B4  were  chosen  to  be  of  the  saie  value. 
B1,  B2  and  E4  were  available  7.68  Koha  precision  aetal  fila 
resistors  which  have  ainiaal  teaperature  cceficients.  B2 
and  B4  were  chosen  to  have  the  saae  value  as  B1  and  B3  in 
accordance  with  operational  aaplifier  application  notes^  to 
reduce  the  effects  of  input  offset  current.  B3  was  chosen 
to  be  a variable  20  turn  potentioaeter  to  enable  setting  in 
the  systea  gain.  Bypassing  the  feedback  resistor  provided 
ao  effective  lew  pass  filter  in  the  feedback  circuit  which 
tended  tc  decrease  the  gain  with  an  increase  in  frequency 
reducing  the  potential  of  interference  froa  high  frequency 
noise.  Cl  had  a value  of  820  pf  to  provide  a flat  frequency 
response  for  the  aaplifier  froa  0 to  26  KBz.  C2  was  a 
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■aoofactczcr  leccaiended  value  of  10  p£  to  provide  aaplifier 
feedback  ccipensation. 


figure  4.  Suoaing  Differential  Aaplifier. 


The  input  differential  aaplifier  was  cascaded  with  a 
second  diffecential  unity  gain  aaplifier.  The  purpose  of 
this  differential  function  was  to  enable  suaaing  cf  the 
input  signal  Mith  an  externally  controlled  CC  bias  vcltage 
which  ccntzclled  the  LOA  threshold  during  ncraal  operation. 
Further  reference  to  the  Bias  Control  and  its  functior  are 
found  ic  Appendices  A and  B.  The  paraaeters  of  the  second 
aaplifier  were  the  saae  as  those  cf  the  differential 
aaplifier  at  the  input,  thus  the  circuit  shown  in  Figure  4 
was  designed  utilizing  the  LB318  application  notes. ^ 

Again  all  resistor  values  were  chosen  to  be  the 
available  7.68  Kchi  aetal  fila  resistors,  and  the  feedback 
capacitor  ard  ccipensation  capacitor  had  the  saae  ncainal 
values  of  820  pf  and  10  pf  respectively.  Actual  circuit 
perforaance  was  sia^lar  to  the  input  differential  aaplifier 
with  the  added  capability  to  set  the  DC  output  level  at  any 
point  withic  the  dynaaic  range  cf  the  operational  aaplifier 
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by  leans  c£  an  extecnal  1000  cbo  potentloaeter  which  had  the 
wiper  aia  ccnnected  to  the  noniowerting  input  of  the 
asplifier  and  the  end  terninals  connected  to  the  112  wolt 
pcwei  supilies  respectively. 

B.  ANAICG  121EL  DBIECIION 

To  classify  the  level  of  the  input  signal  withic  the 
dynasic  ranee  of  the  preset  level  intervals  the  output  of 
the  differential  aaplifier  was  parallel  ccnnected  tc  the 
inverting  inputs  of  five  analog  voltage  coaparators  each 
with  a specified  calibrated  switching  threshold.  A 
necessary  quality  of  the  analog  voltage  ccaparators  was  a 
high  switching  speed  to  enable  rapid  state  changes  for  any 
analog  signals  vitbin  a 15  KHs  bandwidth.  Assuiing  a 
sinusoidal  input  represented  by: 

7(t)  s A sin  wt  (2) 

the  aaziauB  rate  of  change  of  signal  voltage  is  given  by  the 
first  derivative  of  the  function  with  respect  to  tiae  as: 

V (t)  s w«A  sin  wt  (3) 

Evaluating  this  function  at  t>0  and  £>15  KHz  the  aaziauB 
slew  rate  of  the  input  signal  is  approxiaately  94.2  volts 
per  secend  or  .0942  a7/nsec»  Assuaing,  therefore^  that  the 
■iniaua  ccaparator  threshold  interval  between  adjacent 
ccaparators  was  approxiaately  168  aV«  a change  of  of  .0942 
aV  is  only  .C56X  of  each  window.  Thus  a ccaparator  with  a 
switching  tiae  on  the  order  of  one  aicrcseccnd  was  adeguate. 

The  circuit  eleaent  chosen  on  this  basis  was  the  Fairchild 
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uA'JSU  precision  vcltage  cosparatoc.* 


Figure  5.  Analog  Voltage  Ccaparator. 


Ibis  ccaparator  was  specified  to  have  a typical  svitcbing 
tiae  of  320  nsec  with  a 2 aV  overdrive  and  was  thus  suitable 
fcr  ccnversicn  rates  well  in  excess  of  15  KHz.  Utilizing 
published  cciparatcr  application  notes*  the  circuit  shewn  in 
Figure  5 was  designed  to  provide  calibrated  analog  to 
digital  conversion  of  the  input  signals,  and  it  included 
'hysteresis*  fcr  added  noise  iaaunity  in  the  ccaparator 
circuits . 

A voltage  ccaparator  siaply  answers  the  guestion:  Is  the 
input  signal  current  greater  than  or  less  than  the  value  of 
the  reference  current?  The  ccaparator  circuit  shown 
produces  cne  output  level  (0  volts)  when  13  is  positive  and 
a different  output  level  (7  volts)  when  13  is  negative. 
Since  the  circuit  changes  state  with  the  change  of  sign  of 
13  the  cciparison  point  (threshold)  occurs  when  13  » 0. 
Assuaing  tbe  suaaing  junction  potential  is  0: 

II  > 12  -f  13  (4) 
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El  ?ref 


♦ 13 

B1  B2 


(5) 


anc  Hhen  13  > 0 


El  ?C€f  B1 

— a — or  El  = Vref  — (6) 

61  B2  B2 


Equation  (6)  thus  frpvided  a siaplified  aeans  of  deteriining 
necessarj  ccipcnent  valaes  for  any  coabinaticn  of  reference 
and  signal  voltages.  There  is  an  error  caused  by  voltage 
offset  due  to  input  differential  current  offset  that  aay  be 
reduced  to  alaost  zero  at  a given  teaperature  by  ensuring 
that  the  value  of  resistance  froa  the  noninverting  input  to 
ground  is  equal  to  the  resistance  froa  the  inverting  input 
to  ground,  for  circuit  design  B1  in  parallel  vith  B2 
closely  approximated  the  value  of  B3  in  parallel  with  64. 

To  provide  a reasonable  load  for  the  input  differential 
aaplifier  and  also  maintain  an  input  iapedance  luch  less 
than  the  differential  iapedance  of  the  coaparator,  precision 
resistors  uith  the  value  of  11.5  Kohas  were  chosen  for  B1, 
and  the  values  of  B2  were  variable  to  allow  circuit 
threshold  calibration  at  any  level  desired.  Increased 
systea  flexibility  was  realized  by  switching  betwcec  two 
different  values  of  B2.  Thus  the  systea  was  calibrated  for 
3 dfi  and  10  dE  threshold  intervals  with  external  selection 
control.  The  switching  between  different  intervals  was 
easily  acccaplished  <by  utilization  of  ainiature  DIP  relays 
connected  in  a SPOT  switching  arrangeaent  shewn  in  Figure  6. 
Ite  choice  of  using  printed  circuit  aounted  relays  was 
extremely  desireable  to  obviate  the  need  to  interconnect  the 
signal  lines  by  long  wires  to  and  froa  a front  panel  switch^ 


16 


thus  th€  ctly  cequireaeot  to  change  coaparator  threshold 
Intervals  eas  eiriog  and  a switch  to  connect  the  relay  coils 
to  the  operating  voltage.  The  use  of  long  signal  wires 
would  have  aade  the  entire  analog  systen  very  susceptitle  to 
induced  Eli  and  ncise. 
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Figure  6.  Coaparison  Point  Switching. 


In  addition  to  offset  voltage  coapensaticn  resistors  B3 
and  B4  in  Figure  5 were  utilized  to  provide  a snail  degree 
of  hysteresis  to  prevent  circuit  oscillaticns  when  input 
signal  levels  were  near  the  coaparator  threshold  points. 
For  exaaple,  assuae  that  the  threshold  of  one  of  the 
coaparatozs  was  exactly  2.0  volts,  and  the  level  of  the 
input  signal  was  also  very  near  2.0  volts.  Any  noise  cn  the 
input  signal  would  then  cause  the  coaparator  to  randomly 
switch  states  with  ncise  level  variations.  The  use  of 
positive  feedback  (hysteresis) , however  prevents  the 
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cciparatcz  fxca  SMitcbing  betueen  the  two  output  states  at 
exactly  the  sase  level  o£  input.  If  the  high  ccipacator 
ouput  state  is  seven  volts,  the  level  fed  back  tc  the 
nooinvertiog  input  in  Figure  5 is  detezsined  bj: 


7 • B3 

e ■ 

B3  ♦ B4 


(7) 


where  'e*  is  the  voltage  at  the  sueeing  junction  anc  the 
output  vcltage  is  7 volts. 

The  differential  nature  of  the  coaparatcr  circuit  causes 
both  inputs  to  he  approziaately  egual;  and  therefore  the 
hysteresis  vcltage,  e,  will  change  the  switching  threshold 
by  that  aicurt  so  the  input  signal  aust  rise  to  the  original 
threshold  value  plus  *e*  before  the  coaparator  switches 
states.  Once  the  output  has  changed  states  to  0 volts  the 
value  of  *e*  decreases  to  0 and  the  input  signal  east  then 
decrease  tc  a value  slightly  below  the  actual  threshold 
vcltage  before  the  ccaparator  switches  states  again.  It 
should  be  noted  that  a tradeoff  between  the  degree  cf  noise 
iaaunity  and  the  accuracy  of  the  coaparison  point  is 
zeguired.  A value  ,of  approziaately  3 mV  was  experiaentally 
deterained  tc  be  adequate  to  prevent  'chattering*  caused  by 
systea  ncise  levels4  and  to  realize  a 3 aV  hysteresis  loop, 
eguation  (7)  was  used  to  find  values  for  B3  and  B4.  In 
addition  tc  the  constraints  of  equation  (7),  the  parallel 
covbinaticn  cf  B3  and  B4  was  forced  to  approziaately  egual 
the  parallel  coabination  of  B1  and  B2  to  reduce  the  effects 
of  input  cffset  current,  so  the  resultant  values  were  22 
Hchas  and  9.1  Kchas  for  B4  and  B3  respectively.  The 
resultant  hysteresis  loop  of  each  ccaparator  circuit  is 
shewn  in  ligcre  7. 

The  reference  voltage  for  the  ccaparator  inputs  was 
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af pcoxiaatel}  -9  vclts  which  was  obtained  b;  use  of  standard 
size  cesistczs,  a FMP  transistor,  a signal  diode  and  a 
Signetics  Lb  550  precision  voltage  regulator. 


Niasmc 


Figure  7.  Coaparator  Hysteresis. 


The  -9  vclt  value  for  the  reference  voltage  was  chosen  to 
provide  an  offset  froa  the  circuit  input  negative  supply 
voltage,  -12  volts,  by  at  least  3 volts  in  accordance  with 
aarufactcrez  specifications. ▼ Also  -9  vclts  ensured  an 
adeguate  dynaaic  range  of  coapariscn  for  the  input  signal 
level  froa  0 to  7.5  volts.  The  circuit  design  was  taken 
directly  fzcs  the  device  application  notes^  to  convert  an 
input  vcltace  of  -12  volts  to  a regualted  output  of  -9 
vclts.  The  regulated  output,  parallel  connected  to  E2  of 
each  ccaparatcr  circuit  provided  a stable  ripple  free 
voltage  reference  for  each  ccaparator  enabling  precision 
calibration  cf  each  ccaparator  threshold  point.  The  circuit 
conf iguratic r and  coaponent  values  for  the  voltage  regoaltor 
are  illustrated  in  the  circuit  board  scheaatics  in  Appendix 
C. 
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Ihe  acalcg  cCBpacatoE  input  signal  was  also  connected  to 
a low  pass  BC  filter  in  parallel  with  the  inputs  tc  the 
Tcltage  ccapaiators,  and  the  output  of  the  filter  was 
connected  to  a 0 tc  100  aicroaaneter  to  indicate  relative 
signal  levels.  The  meter  was  used  to  calibrate  and  operate 
the  systei  and  is  thproughly  discussed  in  Appendices  A and  B 
and  is  illustrated  in  the  schematic  section. 

The  analcg  input  circuits,  differential  amplifiers, 
ccmparatcrs  and  reLay  switches  were  controcted  on  a printed 
circuit  beard  which  plugged  into  a standard  18  pin  edge 
connector.  All  integrated  circuits  were  mounted  cn  the 
printed  circcit  board  using  standard  DIP  IC  sockets  for  easy 
refcval  and  replacement.  Ihe  circuit  board  and  edge 
connector  were  installed  in  a tightly  covered  aluminum  box, 
and  all  OC  inputs  and  outputs  were  wired  into  the  edge 
connector  through  1000  pf  feedthrough  capacitors  through  the 
aluainuB  walls  cf  the  box  thus  ensuring  maximui  BFI 
prctecticc  fer  the  sensitive  analog  circuitry.  In  addition 
power  supply  and  bias  voltage  leads  were  coupled  through 
ferrite  beads  and  capacitively  filtered  cn  the  printed 
circuit  beard  to  further  ensure  the  reduction  of  power  line 
noise,  ihe  acalog  input  and  digital  output  signals  were 
coaxially  coupled  into  and  out  of  the  aluminum  box  utilizing 
seii-rigid  ceaxial  cable  and  standard  SHA  cable  and  panel 
mount  fittirgs  for  maximuB  BFI  protection  of  the  analog 
signals.  The  alumintta  box  was  mounted  directly  cn  the 
bottom  chassis  of  the  system  cabinet  allowing  easy  removal 
of  the  tep  cover  of  the  aluminum  box  and  subsequent  system 
calibration  and  maintenance  (see  Figure  28,  Appendix  D). 
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IV.  DIGITAL  LOSiC  DESIGM 


A.  IHTBCIOCllCN 


To  satisly  the  requireaennts  for  lov  power  dissipation, 
light  weight  and  saall  physical  size,  waictainabili ty  and 
■axiauw  EfI  and  ncise  inaunity  the  system  digital  logic  was 
designed  with  CUOS  (Coapliaentacy  Hetal  Oxide  Semiconductor) 
integrated  circuit  Icgic.*  The  result  was  extreael}  low 
power  cccsuxption,  up  to  four  volts  cf  ncise  iaaurity  and 
easily  replaceable  cg.rcuit  eleaents  consisting  of  socketed 
dual  inline  integrated  circuits.  The  only  ether  coapenents 
reguired  in  the  digital  networks  were  resistors,  capacitors 
and  diodes. 

The  heart  cf  the  digital  logic  system  was  the  EOSTEK 
50395  Six  Decade  counter/display  decoder  Large  Scale 
Integrated  (ISI)  circuit.  The  LSI  counter  circuit  included 
features  such  as  single  power  supply,  six  decades  of  up-down 
counting,  Icck  ahead  carry,  aultiplexed  BCD  and  seven 
segaent  output,  direct  LEO  (light  eaittinc  diode)  segaent 
drive,  and  direct  CMOS  logic  interface.  Ose  of  discrete 
logic  ccunter  devices  would  have  necessitated  a single 
counter,  latch  and  decoder  for  each  data  digit,  and  the 
systea  cetput  reguireaent  was  seven,  eight  digit  counters. 
Thus  apprcxiaately  168  integrated  circuit  eleaents  would 
have  been  reguired.  Ose  of  the  LSI  circuit,  on  the  other 
hand,  provided  a aeans  of  cascading  two  six  digit  counters 
together  to  obtain  up  to  twelve  digits  cf  output  reguiring 
cnly  fourteen  LSI  devices  as  opposed  to  166  discrete  logic 
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eleaeots  to  cttai-n  seven  counters. 


The  selection  of  the  UK50395  LSI  circuit  dictated  the 
following  general  logic  design  specifications  for  planned 
sjstea  oferaticn. 

1.  Establish  an  appropriate  tiling  and  fieguency 
reference. 

/ 

2.  Cesign  logic  circuitry  to  provide  count  enable, 

latch  and  reset  capabilities. 

3.  Cesign  logic  circuitry  to  interface  the  counter 

inputs  with  Icgic  levels  froi  the  analog  circuits. 


4.  Lesign  logic  circuitry  to  interface  the  counter 
output  data  with  a digital  recording  systei. 

5.  Cesign  logic  circuitry  to  select  appropriate  saiple 
periods  and  enable  autciatic  or  manual  operations  at  the 
systei  front  panel. 

B.  DIGIlll  ISEOI  CIHCniT 

The  basic  logic  element  chosen  to  interface  the  analog 
circuit  output  logic  levels  with  the  six  digit  counters  was 
the  CC4013  Cual  'D*  Flip-Flop.  The  essential  characteristic 
of  this  device  is  the  transfer  of  the  '0*  input  state  to  the 
Q output  at  the  tiie  of  positive  transition  of  the  input 
deck  signal.  This  eleient  thus  enabled  latching  the  analog 
cciparatci  octput  state  to  the  counter  input  gates  fee  the 
period  cf  cce  clock  cycle  ensuring  that  the  logic  state  was 
stable  during  the  time  of  counter  operation  (up-ccunt) . 
Each  cciparatcr  output  was  tied  directly  tc  the  'O'  input  of 


f 


I 


CD€  flip'flof.  At  the  positive  transition  of  phase  1 c£  the 
clock  signal  each  ccaparator  output  was  then  latched  to  the 
Q output  of  a flip-flop.  Each  £lip'>£lop  Q output  state  was 
then  logical  Cfied  with  the  adjacent  flip-flop  Q'  output,  and 
these  OB  gate  cuputs  were  utilized  to  enable  or  disable 
—depending  on  the  output  state—  six,  two  input  NCB  gates 
which  in  turn  coupled  phase  2 of  the  clock  signal  to  one 
appropriate  counter  at  a tiwe.  The  logic  is  illustrated  as 
shown  in  Figcze  8. 


Figure  8.  Ccwparator/Counter  Interface  Circuits. 


At  scse  arbitrary  level  of  the  analog  input  signal,  the 
threshold  of  frcs  zero  to  five  ccaparators  will  be  exceeded 
causing  the  ccaparator  outputs  to  go  to  a low  state.  Each 
ccapaiatcr  output  connected  to  the  'D*  input  of  five 


23 


coiE€spondinc  flip-flops  will  be  latched  tc  the  Q cutpat  of 
the  flip-flops  at  ths  tiae  of  positive  traosition  of  the 
clock  signal.  The  flip-flops  connected  to  ccaparators  that 
have  thresholds  set  below  the  level  of  the  input  signal  will 
have  a low  state  at  the  Q output,  and  the  flip-flops 
connected  tc  ccaparators  with  a threshold  above  the  level  of 
the  input  signal  aill  have  a high  state  at  the  Q output. 
The  Q*  output  of  each  flip-flop  will  be  in  the  opposite 
state.  The  Q output  of  each  flip-flop  is  then  logically 
Ofied  with  the  Q*  output  of  the  adjacent  flip-flop  as 
illustrated  in  Figure  8.  To  clarify  this  logic  see  Figure  8 
and  assuae  that  flip-flop  n-1  and  n-2  are  low— input  signal 
level  above  coaparator  n-1  and  n-2  threshold— and  that 
flip-flop  n*s  C output  is  high — coaparator  n*s  threshold 
above  the  signal  level.  Under  the  assuaed  conditions  it  is 
desired  that  only  counter  n-1  iicreaent  and  the  reaaining 
counter  inputs  be  disabled,  iith  the  Q and  Q*  outputs  of 
adjacent  flip-flops  logically  OBed  together  the  cutput 
states  cf  the  Oi  gates  (C04071)  are  OBn-1,  low  and  CBn-2, 
high.  Analysis  cf  the  logic  illustrated  in  Figure  8 
indicates  that  the  OB  ouput  state  will  be  low  only  when  both 
Q and  the  adjacent  Q*  are  low.  In  other  words  the  level  of 
the  input  signal  will  be  within  sone  interval  where  the 
ccaparatcr  with  a threshold  above  it  has  a high  output  (Q* 
low)  and  the  coaparator  with  the  highest  threshold  belcw  the 
input  signal  level  will  be  low.  All  other  OB  gates  will  be 
high  because  one  of  the  Inputs,  Q or  Q'  , will  be  high.  The 
outputs  cf  tbe  OB  gates  each  connected  to  cne  input  of  a 
ccrresponding  BOB  gate  (CC4001)  with  the  other  input 
connected  to  tbe  saae  clock  signal  as  used  fcr  latching  the 
flip-flops  results  in  a phase  2 clock  signal  at  the  cutput 
when  tbe  cutput  of  the  corresponding  OB  gate  is  low  and  a 
steady  lew  state  output  when  the  OB  gate  output  is  high.  In 
the  ezaaple  the  n-1  BOB  gate  output  is  phase  2 of  tbe  clock 
signal  and  the  n and  n-2  outputs  are  disabled  and  held  in  a 
low  state.  Ibe  desired  result  is  a stable  count  increnent 


ic  couQtec  D>1  only.  By  siailar  analogy  all  sii  counter 
inputs  cciresponding  to  five  flip-flops  connected  tc  the 
ccapacatcr  outputs  plus  one  flip-flop  hard  wired  to  a low 
state  operated  with  the  sane  logic.  The  flip-flcp  bard 
wired  tc  a low  state  is  the  'catchall*  flip-flop  and  serves 
the  iapoitant  function  of  ensuring  that  input  signals  with 
levels  fcelcv  the  Icwest  ccaparator  threshold  are  still 
acccunted  fez  and  thus  classified  to  be  in  a large  level 
interval  between  ainus  infinity  and  the  Icwest  threshold  of 
any  of  the  ccaparators.  Saapling  of  the  input  signal  in 
this  aanner  also  ensured  that  every  clock  pulse  that 
occurred  during  a saapling  cycle  would  be  counted  by  one  of 
the  counters.  The  choice  of  a phase  2 clock  signal  into  the 
counters  was  aade  to  prevent  the  input  signal  froa  changing 
the  ccapacatcr  outputs  and  corresponding  latch  outputs  at 
the  tiae  cf  the  positive  transition  of  the  clock  signal  into 
the  counters.  This  condition  would  have  resulted  in 
Bultiple  and  erroneous  count  increaents  not  representing  the 
actual  condition  of  the  input  analog  signal.  The  latches 
were  set  cn  the  first  half  cycle  and  the  counters  were 
increaented  on  the  second  half  cycle  thus  ensuring  a stable 
count  cycle  and  a predictable  counter  systea  output.  The 
suaaation  cf  the  nuabers  displayed  in  the  six  counter  would 
total  tc  a predeterained  value  of  the  saaple  period 
(seconds)  aultiplied  by  the  rate  of  the  clock  (100000  pulses 
per  second) . for  exaaple  selection  of  a 10  second  period 
would  result  in  a total  count  (suaaaticn  of  all  counter 
contents)  of  1GOOOOO..  Consequently  during  the  process  of 
fata  reduction  it  would  be  easily  deterained  if  there  was 
any  systea  fault  during  the  saaple  period. 

It  should  be  noted  here  that  one  additional  counter,  the 
blanker  counter,  received  a signal  input  through  external 
coaxial  ccncectlons  froa  the  BF  Blanking  Systea.  The 
blanker  systea  operated  in  such  a way  as  to  produce  an 
output  pulse  each  tiae  the  systea  blanked  the  RF  aaplifier 
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chain  as  a zasult  o|  an  excessively  large  asplitude  BF 
signal.  Ibese  pulses  were  connected  directly  to  the  input 
of  the  blanker  coucter  in  the  LOi  to  enable  the  countirg  of 
the  blacker  poises  during  each  saaple  period,  and  the 
resultant  data  represented  a correlation  to  the  statistics 
of  ispulse  Dcise  occurrence  rate. 

C.  CIGIIiL  CCDMIEfiS 

The  heart  cf  the  counter  circuitry  was  the  BOSTBK  50395 
six  digit  ccunter/decoder . The  significant  inputs  and 
outputs  cf  the  LSI  circuit  were  as  follows. 

(a)  Inhibit  — counter  input  is  inhibited  when  high  and 
enabled  when  low. 

(^)  Stcre— Data  is  continuously  transferred  to  display 

when  low  and  data  is  transferred  and  stored  in  the  display 
register  when  high. 

(c)  Count— -the  six  decade  counter  is  synchrorcusly 
incresented  cn  the  positive  transition  of  the  count  input 
signal. 

(d)  Clear— resets  all  decades  to  zero  when  brought  high 
but  does  not  affect  the  six  digit  display  register. 

(^)  S^t — when  low  forces  the  aultiplex  scan  counter  to 
the  icst  significant  digit  and  blanks  the  segsent  outputs. 

(£)  rCan — clock  reference  input  for  internal  divide  by 
six  Johnson  counter  to  aultiplex  digit  outputs. 

(9)  Carry— goes  high  when  the  leading  edge  of  the  count 
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input  cccuis  and  vben  the  counter  contents  egual  999999. 

£££ — binary  coded  decioal  outputs  internally 
■ultiplexcd  iy  a divide  by  six  Johnson  counter. 

(i)  §f  ye  B Seqnent— ‘LED  display  outputs  internally 
■ultiplexed  ly  divide  by  six  Johnson  counter. 

(d)  SsAtlr-  >six  strobe  outputs  ot  internal  divide 
by  six  Johnson  counter  sequentially  scanning  £roa  the  nost 
significant  digit  to  the  least  significant  digit. 

The  specifications  set  for  the  counter  operation  were  a 
saxiaua  of  eight  digits  of  data  out  and  a scan  rate  of  500 
digits  per  second.  Because  cascading  of  the 
counter/decoders  resulted  in  12  digit  outputs,  the 
reguiresect  to  extend  the  digit  aultiplexing  process  becaoe 
■andatory.  for  exasple:  the  external  scan  reference  signal 
connected  to  toth  cascaded  counters  sinultaneously  would 
cause  the  six  decade  outputs  of  both  IC's  to  he  scanned  fros 
the  eost  sigtificant  digit  to  the  least  significant  digit  in 
synchronisi.  However  to  record  the  data  it  was  desireable 
to  resynchrccize  and  sequentially  scan  froii  Digit  2 of  the 
'carry'  counter  (LSD  counter)  to  Digit  1 of  the  input 
counter,  where  the  input  counter  (LSD  counter)  is  the  first 
stage  of  tie  counter  circuit  (digit  6 to  digit  1)  and  the 
'carry'  counter  (USD  counter)  is  the  second  stage 
representing  digits  12  through  digit  7 in  a nornal  cascading 
configuration.  Figure  9a  illustrates  the  tiling  sequence  in 
the  unsynchrcnized  lode  of  operation. 

External  synchronization  was  acconplished  by  a two  step 
'SII'  operation  using  the  SEI  inputs  of  both  counters.  The 
scan  reference  signal  was  divided  by  eight,  differentiated 
and  inverted  to  prpvide  a negative  pulse  to  the  scan  input 
of  the  ISD  counter,  thereby  driving  the  internal  scan 
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dlvidcc  to  tbe  aost  significant  digit  e^exy  eight  poises  of 
the  scan  input  reference  signal  as  shown  in  Figure  9b. 
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Figure  9.  Digit  lining. 


SjDchronizaticn  of  the  BSD  counter  digits  was  realized  by 
differentiating,  diode  clipping  and  inverting  the  digit  4 
output  strche  of  the  LSO  counter  and  connecting  it  to  the 
SET  input  cf  the  BSD  counter.  Thus  the  scan  divider  of  the 
BSC  counter  eas  also  driven  to  the  BSD  every  eight  cycles  as 
also  illustrated  in  Figure  9b.  The  tining  sequences  in 
Figure  9b  intuitively  suggests  that  a logical  gating  cf  the 
sultiplexed  digit  outputs  starting  at  digit  2 of  the  BSC 
counter  and  ccntinoing  for  an  8 cycle  tine  period  would  give 
a resultact  scan  of  digits  2-1-6-5-4-3-2-1  and  would  provide 
a continuous  and  conplete  eight  digit  data  output.  All 
counters  tere  synchrpnized  in  an  identical  nanner  with  the 
SET  input  cf  the  LSD  counters  connected  together  with  the 
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divided  ty  eight  scan  output  peraittiog  the  desigt  of  a 
cizeuit  tc  fzevide  an  overall  sequential  scan  of  ccuntez  #6 
through  ccuoter  *0  (blanket  ccuntez)  . 


To  provide  union  of  the  data  of  the  LSD  and  BSD  counters 
the  digit  6 and  digit  2 strokes  of  one  of  the  LSD  ccunters 
was  utilized  tc  toggle  a standard  J-K  flip-'flop  (CC4027) 
configured  tc  switch  states  on  every  positive  transition  of 
the  input  signal  (digit  6).  Digit  2 was  fed  to  the  * reset* 
input  of  the  flip-flop  ensuring  that  the  phase  relation  of 
the  Q and  C*  outputs  was  aaintained  to  correspond  tc  two 
digits  of  data  froa  the  USD  counter  and  six  digits  of  data 
fzca  the  ISC  counter. 
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ligcre  10.  LSD  and  aso  Counter  Gate  Circuit. 


29 


1 


1 


This  circuit  fococd  the  second  aultiplex  pzccessing  of  the 
ccuntec  data  and  is  shown  in  Figure  10.  The  Q and  Q* 
outputs  were  both  utilized  to  AMD  gate  two  digits  of  data 
frci  the  USE  counter  and  six  digits  of  data  froa  the  LSD 
counter  as  illustrated  in  Figure  11. 
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Figure  11.  ISO  and  BSD  Counter  Data  Bultiplexinc. 

During  the  high  state  of  the  BSD  gate  signal  (The  C output 
in  Figure  10)  the  £CD  data  froa  the  BSD  counter  was  AND 
gated  (C£4C£1)  to  the  output  stage  of  each  counter  cizcuitr 
and  during  the  high  state  of  the  LSD  gate  output  (the  Q* 
output  in  figure  10)  the  BCD  data  output  cf  the  LSE  ccuntec 
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was  gated  to  the  output  stage  of  each  counter  circuit.  The 
output  stage  for  each  counter  circuit  consisted  of  an 
arrangeaent  cf  dual  Input  OR  gates  (CD4071)  to  logically  OB 
the  LSD  and  BSE  ECO  data  to  a single  bus  fcr  each  parallel 
bit  of  the  BCE  data  (1,2, 4, 8).  The  BCD  data  was  then  AND 
gated  tc  the  sain  systea  BCD  data  buses  by  the  ccunter 
aultiplex  signals  described  in  the  following  ccntrol 
section. 


figure  12.  LEO  Display  Multiplex  Circuits. 


The  visual  display  circuitry  derived  froa  the 
ccunter/decoder  seven  segaent  ouputs  and  aultiplexed  digit 
enable  cutputs  was  siaply  realized  by  connecting  each 
segxent  copot  thrcogh  a current  Uniting  resistor  (15C  cha) 
directly  to  the  latching  a,b,c,d,e,f  ancde  eleaents  of 


three,  parallel  Connected, 
(BE5082-7404) . This  arrangeaent 


four  digit  LED  displays 
provided  twelve  digits  of 


31 


display  cf  vbicb  ten  were  actually  utilized.  Osisg  ten 
digits  peziitted  a display  of  twc  soce  significant  digits 
than  Mete  nczaally  required  thus  enabling  visual  indication 
of  any  salfunction  in  tbe  tising  or  counter  circuitry.  For 
ezaiple  tbe  saziius  period  was  1000  seconds  resulting  in  a 
■azisus  total  counter  accusulation  of  100000000  under  normal 
operation  (1000*100000).  bn  accueulated  count  greater  than 
10CC00000  Hculd  visually  be  displayed  in  tbe  extra  ore  or 
tec  digits  indicating  a circuit  salfunction. 

The  digits  of  tbe  LEO  displays  were  sequentially  enabled 
by  inverting  tbe  positive  digit  strobes  of  the  axS0395 
coenters  illustrated  in  the  timing  sequences  in  Figure  9. 
Figure  12  illustrates  a 7 segment  digit  display 
configuration  of  tbe  seven  segments  and  two  common  cathodes 
of  an  LEC  display. 


0.  IIEIBG  FEKCIIONS 


The  tisirg  circuits  design  was  a straightforward  process 
of  division  of  the  clock  reference  signal  by  several  integer 
values  to  derive  various  desired  timing  signals.  The 
following  reference  frequencies  were  desired  to  accotplisb 
the  overall  timing  of  circuit  functions. 

(a)  ICO  Xfiz***  Phase  1 of  the  100  KHz  signal  was  used  to 
latch  tbe  analog  comparator  outputs  and  enable  count 
accumulation  in  the  appropriate  counters.  Phase  2 was  used 
as  a direct  gated  input  to  each  of  the  six,  eight  digit 
counters  to  represent  analog  voltage  sample  count. . 

(b)  SCO  Ez***  The  balanced  500  Hz  square  wave  signal 
previded  a scan  oscillator  input  to  all  seven  counters  and 
the  systei  real  tiie  circuitry.  The  unbalanced  500Hz  (10X 
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duty  cycle)  fictrided  the  tiaiog  to  the  digital  tape  lecoider 
systea. 

(c)  62.5  Hz*««  An  unbalanced  (10X  duty  cycle)  pulse 
train  picvided  digit  synchronization  to  each  LSD  counter  o£ 
each  courtei  circuit  board  enabling  a digit  8 to  digit  1 
scan  of  the  decoded  counter  output  data  (seven  segient  and 
BC£) . 


(d)  50  Bz«««  A balanced  square  vave  provided  a stable 
reference  tc  the  tiae-of-^day  circuitry  for  accurate  tiiee 
display  and  leccrding. 

(e)  62.5  Hz*«*  An  unbalanced  square  wave  (25X  duty 
cycle)  prcvidcd  the  tine  reference  for  aultiplexinc  the 
outputs  c£  tbe  seven  counter  circuits  during  the  data 
recording  cycle. 

(f)  1 pps«««  A balanced  square  wave  provided  vaster 
tiling  fcr  saipling  periods.  The  1 pps  signal  was  further 
divided  by  1C«  100, and  1000  to  increase  the  saapling  period 
range  frci  1 second  to  1000  seconds. 

The  tiling  sigaals  were  all  processed  froi  a crystal 
stabilized  ICO  KHz  oscillator  lodule,  accurate  to  t.OIX  and 
stable  ever  standard  temperature  ranges  encountered  curing 
nciial  operation.  Tiie  crystal  oscillator  was  packaged  in  an 
oversize  dual-in-line  (DIP)  package  and  was  designed  to 
Interface  directly  sith  CHOS  logic  eleaents.  The  only 
external  inputs  required  were  Vdd  (■*■12  volts)  and  signal 
ground.  Bigcre  13  illustrates  the  division  process  designed 
to  obtain  the  required  tiling  signals  for  systea  operation. 
The  100  KBz  balanced  square  wave  was  divided  by  10  with  one 
half  of  a dual  BCD  *up*  counter  (CD4518)  to  produce  a 10  KHz 
square  wave  cutput.  This  signal  was  again  divided  by  2 with 
one  half  cf  a dual  *D*  flip-flop  to  produce  a 5 KHz  balanced 
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square  nave  cutput.  Further  division  by  a decade  counter 
with  one  of  ten  decoded  outputs  produced  a 10X  duty  cycle 
500  pps  uavefcra  for  tape  recorder  tiaing  and  a balanced  500 
Bz  square  tave  for  digit  scanning.  The  two  different 
outputs  cf  the  decade  counter  were  chosen  to  provide  a 
tiaing  offset  between  the  two  500  Hz  signals. 
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Figure  13.  Timing  Signal  Circuits. 


The  offset  was  exactly  two  periods  cf  the  input 
signal — appiczimately  .4  msec,  and  the  time  difference 
between  the  output  scan  and  the  recorder  time  reference 
ensured  that  the  data  outputs  from  the  HK50395  counters  were 
stable  before  being  'written*  into  the  magnetic  recording 
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systea.  Figure  14  illustrates  the  relative  timing  cf  the 
tvc  signals. 


The  halacced  500  Hz  signal  vas  divided  ty  8 to  prccuce  a 
£2.5  Hz  signal  for  counter  digit  synchronization.  A 
standard  divide  tj  8 counter  (CD4022)  was  utilized  to 
produce  a talanced  62.5  Hz  square  wave  which  was 
sutseguently  differentiated,  diode  clipped  and  inverted  to 
provide  a £2.5  Hz  negative  pulse  train  with  pulse  width 
equal  to  apprcziaately  1 asec.  The  negative  pulse  train  was 
connected  tc  the  SET  input  of  the  HK50395  counter/decoders 
(LSC  counters)  causing  the  internal  digit  scan  divider  of 
the  counters  to  be  driven  to  the  USD  (digit  6)  every  8 
cycles  cf  the  scan  oscillator  reference  signal  (50C  Hz) . 
The  500  Hz  scan  input  signal  was  also  divided  by  the  second 
half  of  a dual  BCD  counter  (C04518)  to  give  a 50  Hz  balanced 
sguare  wave  cutput  for  a tiae  reference  fcr  the  digital 
deck. 
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Figure  14.  Scan  and  Recorder  Reference  Offset. 


The  real  tiae  circuit  was  a National  Seiiconductor  LSI 
digital  deck  with  both  BCD  and  seven  segaent  data  outputs 
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and  six  digit  strobe  outputs  similar  to  the  HK50395 
couDtec/deccder  outputs.  The  features  of  the  11115313  digital 
clock  circuit  «ere  SO  or  60  Hz  reference  operation,  4 cr  6 
digit  iisflay  nodes,  12  cr  24  hour  tine  display  fcrnat, 
irternal  sultiplez  divider,  single  power  supply,  CHOS 
ccipatibility , fast  and  slow  'set'  controls,  hold  count 
ccntrol  acd  a 1 pps  square  wave  output  for  use  with 
peripheral  Icgic  circuitry.  The  50  Hz  reference  signal  intc 
the  digital  deck  was  internally  divided  tc  produce  an 
accurate  hour,  ainute  and  second  display,  an  equivalent  BCD 
data  output,  and  a 1 pps  square  wave  output.  The  SCO  Hz 
scan  input  signal  was  also  internally  divided  by  six  to 
provide  digit  enable  scanning  from  unit  seconds  (digit  6)  to 
tens  of  hoers  (digit  1) . Mote  that  the  scan  is  backwards 
frea  the  tiae  display  as  noraally  read  (left  to  right) . 

To  Incczpcrate  the  digital  clock  into  the  systea  design 
the  circuit  was  configured  to  operate  in  the  50  Hz  acce  by 
leaving  the  50/60  Hz  select  pin  of  the  integrated  circuit 
unccnnected,  and  the  clock  was  also  configured  to  the  24 
hour  and  6 digit  display  foraat  by  grounding  the  appropriate 
select  pins  cr  the  digital  clock.  The  choice  of  the  SH5313 
digital  clock  LSI  presented  one  problea  relative  to  the 
EK5039S  ccunter/decoders.  The  logic  of  the  digital  clock 
circuit  did  not  perait  scan  synchronization  with  the  digit 
strobe  outputs  froa  the  counters,  therefore  logic  circuitry 
had  to  be  designed  to  enable  digital  deck  output  data 
recording  independent  of  the  sysnehronized  counter/decoder 
outputs.  Thus  the  secondary  function  of  the  ccntrol 
circuitry  was  to  enable  clock  data  recording  without 
synchronizaticn  to  the  ccunter/decoder  circuit  tiaing 
references.  Specific  signals  related  to  the  digital  clock 
will  be  discussed  in  aore  detail  in  the  following  ccntol 
section. 

The  1 pps  output  of  the  digital  deck  was  divided  by  10, 
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IOC,  100G  respectively  to  provide  the  tinisg  for  the  tl!lS0395 
counter/decoder  'coant  enable*  and  'count  inhibit*  inputs. 
Standard  CBCS  divide  by  ten  counters  (CD4017)  were  used  to 
prcvide  a 1CX  duty  cycle  0.1,  0.01  or  0.001  pps  signals  and 
each  of  the  fcur  tining  signals  (1  pps  to  .001  pps  ) vas 
Bade  selectable  vith  external  front  panel  controls  to  set 
the  desired  sanple  period  during  norial  systen  operation. 

The  digital  recording  systea  selected  fcr  'data  logging* 
had  characteristics  which  included  an  input  data 
buf f er/stcrage  circuit  which  accumulated  1024  bits  of  data 
pricr  to  actual  transfer  of  the  data  onto  the  magnetic  tape. 
It  was  cccvecient  therefore  to  provide  data  to  the  recording 
system  in  256  bit  (1024/4)  blocks.  ECD  data  outputs 
consisted  of  four  parallel  bits  for  each  serial  digit  of 
data.  Iherefcre  the  systea  output  consisted  of  seven 
counters  cf  eight  digits  each  for  a total  of  224  bits.  The 
digital  deck  provided  6 digits  of  four  bit  data  for  a total 
cf  24  bits.  At  this  point  the  total  data  hit  count  vas  248 
bits,  8 bits  short  of  the  desired  256  bit  blcck  of  data. 

Two  digits  of  additional  data  were  designed  into  the 
system  data  output.  One  digit  was  a front  panel  selectable 
ECC  CODE  utilized  to  represent  any  arbitrary  digit  wanted 
for  integration  into  the  data  legging  process.  For  example 
the  'CODE*  digit  (0-9)  was  utilized  to  represent  the  elapsed 
days  during  actual  data  collection  tasks.  The  second  digit 
added  to  the  system  was  a hard  wired  *1010*  ECD  code  (binary 
eguivalent  of  decimal  10)  to  permit  synchronization  cf  the 
data  during  the  replay  of  the  magnetic  tape  into  a coiputer 
systea  (the  EE9830  calculator  used  for  data  reduction  reads 
a *1010*  cede  as  a special  character).  Eecording  of  two 
additional  digits  cf  output  signal  was  integrated  intc  the 
real  time  recording  format  of  the  digital  deck  output,  thus 
the  format  cf  the  digital  clock  output  was  modified  to 
provide  a scan  of  the  hardwired  1010  digit,  the  'code*  digit 
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and  then  seconds,  linutes  and  hours;  and  the  cesultanat 
■edification  increased  the  total  data  count  to  256  bits. 


E.  COMfCI  iOKCllCHS 

The  desicn  of  the  control  circuitry  centered  around 
three  dual  flip-*|lops  (C04027)  utilized  to  provide  count 
inhibit/ecable  ccntrpl,  digital  tine  data  aultiplexing  and 
counter  data  aultiplezing  for  interfacing  uith  the  digital 
recording  systea. 

The  0 and  K inputs  of  each  flip-flop  were  each  connected 
in  a specific  feedback  arrangenent  designed  to  alien  the 
flip-flops  tc  toggle  to  a single  output  state  coabination 
and  then  bold  that  output  state  until  the  prescribed  circuit 
function  vas  coapleted.  Each  circuit  aas  then  reset  in 
sequential  erder  depending  on  its  function.  Ihis  procedure 
of  allotting  cnly  one  state  for  each  'toggle*  and  then  a 
subsequent  resetting  enabled  easy  circuit  isolation  when 
perforaing  ticubleshpoting  and  aaintenance. 

10  sbea  the  counter  enable/disable  and  record  cycle 
control  fonctiens  assuae  the  following  'idle*  circuit  states 
in  figure  15.  Here  'idle*  refers  to  the  systea  condition  of 
no  saaplirg  cr  recording  events  in  process. 

Q of  IC5a — high 
Q of  IC5b— high 
Q of  IC6a — low 
Q of  IC6b — low 
Q of  IC7a— low 
Q of  lC19b— high 
Hanual  Beset — Off 
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Auto/ {fan  ual — Manual 


Under  these  conditions  three,  three  input  AMC  gates,  IC9a, 
1;,  and  c (CC4073)  are  all  gated  off  and  have  a zero  output 
state,  and  the  recorder  tiae  reference  output  and  the  BCD 
data  froa  the  digital  clock  are  gated  off. 

The  external  'Manual  Start*  switch  is  now  held  depressed 
applying  *12  volts  to  one  input  of  the  three  input  AHO  gate, 
lC9a.  A second  input  coaing  froa  IC19b  is  high;  therefore 
the  AND  gate  assuaes  a 'ready*  condition.  The  1 pps  output 
of  the  digital  clock  is  differentiated  by  B1  and  C1  and  the 
negative  portion  of  the  differentiated  wave  is  clipped  by 
diode  01.  The  resultant  positive  pulse  provides  the  third 
input  to  the  AND  gate,  IC9a.  Mhen  the  positive  spike  occurs 
the  output  of  lC9a  follows  and  resets  iCSa  causing  its  Q 
output  to  go  low.  This  Q output  is  connected  to  the  count 
enable  inputs  of  all  of  the  counters  and  to  the  reset  pins 
of  the  'period*  dividers.  At  this  point  the  counters  can 
increaent  and  the  1 pps  output  of  the  digital  clock  also 
connected  to  the  clock  input  of  the  'period*  divider  chain 
can  be  divided  by  10,  100,  or  1000  depending  on  which  period 
has  been  externally  selected.  The  divider  outputs  are 
connected  though  an  external  SE4T  PEfilOD  switch  to  the  clock 
input  of  ICSa,  and  the  J-R  feedback  arrangeaent  of  lC5a  will 
perxit  a positive  transition  of  the  clock  signal  to  toggle 
the  flip-flop  to  the  original  state — Q high.  Nhen  the  period 
divider  chair  has  appropriately  divided  the  1 pps  input,  and 
the  divide  by  10  output  of  the  selected  period  divider 
transitions  to  a high  state  ICSa  will  toggle  causing  the  Q 
output  to  go  hich«  This  positive  transition  of  C of  ICSa 
will  in  tern  toggle  ICSb  to  cause  its  Q*  output  to  go  low, 
which  in  turn  reaeves  the  reset  condition  froa  lC6a  putting 
it  into  a ' ready*  condition.  The  clock  input  of  IC6a  is 
connected  to  the  digit  4 strobe  (tens  of  ainutes)  of  the 
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digital  clccX.  The  digit  strobe  signals  c£  the  digital 
clock  ace  logical  zero  pulses  with  a width  equal  to  one 
period  of  the  500  fiz  scan  signal  and  have  a period  of  500 
divided  Ij  6.  Therefore  at  soae  unsynchccnized  tine  the 
digit  4 stzebe  output  will  transition  to  a logic  one  after 
the  coepleticn  of  the  digit  4 logical  zero  pulse,  and  this 
postive  transition  w^ll  toggle  IC6a  causing  the  Q*  output  of 
IC6a  to  gc  low.  This  Q*  output  is  connected  to  one  input  of 
a dual  input  NOR  gate  (C04001),  IC12a,  enabling  the  output 
to  follow  the  inversion  of  the  other  gate  input  which  is  the 
digit  5 strobe  froa  the  digital  clock.  The  digit  5 strobe  in 
a low  state  causes  the  output  of  the  NOB  gate  to  go  high  for 
one  period  of  the  scan  reference  signal.  The  digit  5 pulse 
output  is  connected  .(hard  wired)  to  the  appropriate  data  bus 
OB  gates  (C04C11) , IC13b  and  ICl3d,  to  provide  a 1010  BCD 
code  during  digit  5 tine  to  the  output  BCC  data  bus.  Q*  of 
IC6a  is  also  connected  to  one  input  of  a second  dual  input 
NOfi  gate,  IC12b,  with  the  other  input  connected  to  the  digit 
6 strobe  of  the  digital  clock;  again  the  result  is  a single 
positive  pulse  with  a pecir..f1  of  one  cycle  of  the  scan 
reference  signal.  This  out^;  I xs  connected  to  an  external 
BCE  CODE  switch  which  provides  a 0>9  BCE  output  for  the 
previously  lentioned  code  data.  Nhen  Q*  of  IC6a  goes  to  the 
low  state,  by  being  connected  to  the  K input  of  IC6b,  it  set 
IC6b  in  the  'ready*  condition.  Then  on  the  positive 
transitior  of  the  digit  6 strobe  lC6b  is  toggled  causing  its 
Q*  output  to  go  low  .just  at  the  start  of  the  seconds  through 
hours  digit  scan.  This  output  enables  the  BCD  data  output 
gates  froa  tbe  digital  clock,  IC10a,b,c  and  d,  and  during 
this  low  state  tine  data  is  coupled  to  the  BCD  data  output 
bos.  The  next  positive  transition  of  the  digit  4 strobe 
toggles  IC6a  to  its  original  state,  and  the  next  positive 
transition  of  the  digit  6 strobe  toggles  lC6b  to  its 
original  state.  The  switching  action  ensures  one  and  only 
one  *1010*  digit  and  code  digit  per  recording  cycle,  and  a 
single  scan  of  the  BCD  seconds,  ainutes  and  hours  data  to 
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enable  cecciding  cf  that  data  cnce  during  each  recording 
cycle. 


TIME  mm  •l■l■•  Mm 


Figure  15.  Control  Circuits 


( 


Daring  the  digital  data  scan  the  'write*  signal  tc  the 
digital  recorder  is  gated  cn  for  exactly  8 periods  cf  the 
50G  pps  recorder  tine  reference  signal.  Ihis  is  11 

acccaplished  hy  connecting  the  Q outputs  cf  IC6a  anc  t to 
the  inputs  cf  the  2 input  OB  gate,  IC11b.  The  output  cf  the 
OB  gate,  a pulse  with  a period  of  8 scan  cycles,  is 
ccnnected  to  a 3 input  AND  gate  IC9b  which  enables  this  gate 
tc  output  the  recorder  tine  reference  sigral  connected  to  a 
second  input — the  third  input  is  hard  wired  to  the  positive 
supply  voltage  and  is  not  used.  The  resultant  output  is 
exactly  8 recerder  'write*  pulses  which  are  connected  to  OB 
gate  Idle  fer  final  output  buffering  and  gating. 

The  ECD  cata  and  the  hard  wired  1010  code  are  ccnnected 
tc  the  data  cutput  bus  via  NOE  gates  IC10  and  OB  gates  IC13. 

The  BCD  data  is  outputted  for  exactly  six  periods  of  the 
scan  reference  signal  by  the  long  period  pulse  fros  IC6h  Q* 
output.  The  1010  code  is  outputted  during  digit  5 tise  and 
the  digit  6 pulse  is  connected  to  the  external  BCD  'code* 
switch  tc  result  in  a sequential  output  of  the  hard  wired 
1010  code,  selectable  BCD  'code*  digit  and  unit  seconds 
through  tens  cf  hours  tiae  data  in  that  order  for  a total  of 
8 digits  cf  4 bit  BCD  data.  This  data  and  the  counter  BCD 
data  are  all  ccsbined  (OB  logic)  in  the  Data  Output  Circuit 
as  described  in  the  Becorder  Data  Output  section. 

The  transition  of  lC6b  to  its  original  state  causes  the 
positive  transiticn  of  the  Q*  output  to  toggle  IC7a.  The  Q 
output  of  lC7a  is  connected  to  the  reset  input  of  ICSh  and 
the  set  input  of  ICSa.  Connection  to  the  set  input  ensures 
that  the  C output  pf  ICSa  resains  high,  and  thus  the 
counters  retain  disabled,  and  the  connection  to  the  reset 
input  of  ICSh  causes  a logical  one  output  fres  IC7a  to  reset 
ICSh  and  in  turn  ICSa.  The  Q*  cutput  of  IC7a  is  also 
ccnnected  tc  the  reset  input  of  a divide  by  eight 


42 


(C0it022)  used  for  Bultiplering  the  EC£  data 


free  each  cf  the  seven  counters.  Nhen  Q*  of  IC7a  gees  low 
it  enables  the  counter  allowing  the  BSE  gate  signal  fron 
IC7b  to  iocreaent  the  counter.  The  decoded  outputs  of  the 
cconter  seguentially  enable  the  BCD  data  gates  at  the  cutput 
of  each  cf  tie  seven  counters  as  shown  in  the  tining  diagraa 
of  Pigore  16.  The  outputs  of  the  counter  used  for  this 


"«_n n n n n n rui n 


Pigure  16.  Pinal  Output  dultiplex  Signal. 

function  are  the  *1*  through  *7*  decoded  outputs.  The  *0* 
is  the  high  output  during  the  reset  condition  cf  the 
counter,  so  when  the  counter  output  returns  to  a *0* 
cenditioo  after  counting  8 BSD  gate  pulses  the  *0*  output  is 
differentiated  by  B2  and  C2  and  clipped  by  diode  £2  to 
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provide  a reset  for  IC7a,  thus  the  Q*  output  of  IC7a  reaaios 
at  a logical  G for  a period  equivalent  to  a scan  cf  56 
digits.  Curing  the  scan  of  the  1 through  7 outputs  the  'O' 
output  is  lov  and  is  inverted  by  IC12c  and  connected  to  one 
input  of  IC9c  a three  input  iHD  gate.  Cne  input  of  this 
gate  is  oct  used  and  is  connected  to  *12  volts,  and  the 
ether  input  is  connected  to  the  10X  duty  cycle  500  Hz 
recorder  tiie  reference  signal  ('write'  signal).  The  output 
of  the  me  gate  is  connected  to  the  second  input  of  ICIIb, 
and  thus  during  'tine'  recording  and  counter  lultiplezing 
exactly  64  'write'  pulses  are  outputted  as  desired,  and 
during  this  peried  (recording  cycle)  256  bits  of  data  are 
written  into  the  tape  recorder  buffer.  The  '7'  output  froa 
the  divide  by  eight  counter  is  also  connected  to  one  input 
of  a dual  input  OB  gate  with  the  other  input  connected  to 
either  ground  or  *12  volts  through  an  external  BBSBT  switch. 
The  high  '7'  output  or  a depression  of  the  reset  pushbutton 
switch  causes  a high  output  fron  Idle  which  provides  a 
reset  level  to  all  seven  counters  and  a 'set'  pulse  to 
IC19b.  Ibe  set  to  IC19b  causes  its  Q output  to  go  to  a high 
state  and  thus  puts  IC9a  in  a ready  condition  for  a next 
subsequent  cycle  cf  operation.  If  the  external  Auto/Eanual 
switch  is  in  the  'Auto'  position  the  next  positive 
transition  cf  the  1 pps  output  will  autcaatically  start 
another  cycle  of  operation.  Mote  that  all  saapling  cycles 
start  and  step  in  synchronisn  with  the  1 pps  output  pulse, 
and  all  recording  cycles  which  start  unsynchronously  after 
the  terniraticn  of  a saiple  cycle  occur  between  the  1 pps 
output  pulses. 

Visual  display  of  the  digital  clock  tiae  was  designed  by 
ccnnectlng  the  seven  segaent  outputs  of  the  digital  clock 
through  current  liaitlng  resistors  (150  ohas)  directly  to 
two  HF50G2->74C4  four  digit  displays  of  which  six  digits  were 
used  to  display  hours,  ainutes  and  seconds.  The  cathode 
eleaents  were  enabled  by  the  internally  aultiplexed  digit 
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sticJ3€  outputs  of  the  clock  coonected  through  a ooninvsrting 
E£X  buffer  (CI40S0)  to  provide  the  sink  for  the  LEO  current. 

F.  fiECCBIfS  Cklk  C03P0I 

The  ECO  data  aultiplezed  froa  the  ECO  COOE  svitch, 
digital  clock  and  control  circuits  and  the  seven  counters 
Has  conbined  tj  logical  OB  gates  in  the  data  cutput  circuit. 
The  cverall  purpose  of  this  circuit  was  to  gate  the  256  kits 
of  data  fees  separate  outputs  ento  four  output  data  buses 
representing  the  1,  2,  4,  and  8 bits  of  the  ECO  code.  These 
buses  Here  then  cabled  directly  to  the  input  buffer  of  the 
digital  lecczding  systea  and  to  a digital  data  test  circuit 
beard  (see  Cata  lest  Circuit  oesign  in  section  G)  . The 
stages  cf  the  output  circuitry  consisted  of  eight,  four 
input  OE  gates  (C04G72)  and  eight,  2 input  Ofi  gates 
(CC4071)  . Each  bit  pf  the  SCO  data  froa  the  counters. 


C»W72  (OR) 


BO  BIT  TO 
BcaBBca 


Figure  17.  Circuitry  for  One  Bit  of  Eata  Output, 
digital  clock  and  the  ECO  'cede*  switch  was  connected  to 
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0D€  iaput  cf  two,  4 input  OB  gates  or  the  two  inputs  of  a 
tHC  input  Ofi  gate  which  is  connected  to  the  renaining  input 
cf  one  cf  the  4 input  OB  gates.  Iwo  of  the  4 input  OE  gate 
outputs  were  coabined  with  a second  2 input  OB  gate  to 
provide  a single  kit  of  the  data  output,  illustration  cf  a 
single  bit  cctput  is  shown  in  Figure  17  where  the  eight 
inputs  tc  twc,  four  input  OB  gates  are  the  1's  kit  of 
counters  1 tbxeugh  6-,  the  blanker  counter*  the  OBed  output 
of  the  digital  clock*  and  hard  wired  1010  code  and  the 
output  of  the  ECO  *code*  switch.  The  outputs  of  the  tvo*  4 
input  06  gates  are  siaply  coabined  together  with  a 2 input 
06  gate  tc  provide  a single  bus  output  of  the  *1*  bit  data. 

The  cakle  carrying  the  BCD  data  tc  the  input  buffer  of 
the  recording  systea  located  in  the  'Deck  Contrcl  Box' 
included  a conductor  for  the  'write*  pulses  (recorder  tiae 
reference  signal)  and  a conductor  for  each  kit  of  the  BCD 
data.  A separate  three  conductor  cable  provided  -•■12  and  -12 
vclts  and  signal  ground  for  the  recorder  and  deck  ccntrol 
suksysteas.  The  pcsi.tive  12  volts  was  utilized  for  powering 
the  tape  reccrder  systea  and  the  positive  and  negative  12 
vclts  was  utilized  to  power  'drive'  actors  for  the  reaote 
tunable  bandpass  and  notch  filters  located  between  the 
antenna  and  the  preaaplifier  circuits  of  the  BFI 
Classificaticn  Systea. 

6.  ODTPai  Dili  TEST  CIBCOII 


The  ECO  data  connected  at  the  input  to  the  input  buffer 
of  the  tape  recording  systea  was  also  parallel  connected  to 
the  input  cf  a test  circuit  designed  to  periodically  check 
the  data  that  was  being  inputted  to  the  tape  recorder.  This 
circuit  thus  enabled'  a periodic  check  and  a provision  for 
trcubleshcoting  the  overall  data  output  circuits  of  the  LDA 
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systea.  for  exaaple  observatico  of  erroneous  data  in  this 
circuit  would  provide  the  observer  with  the  logic 
inforaaticn  to  enable  circuit  card  and/or  coaponent 
replaceaent  tc  repair  any  systea  malfunction  prior  to 
recording  aany  hours  of  erroneous  and  unusable  data  onto 
aagnetic  tape.  Inability  to  repair  the  systea  would  also 
cue  the  operator  to  revert  to  a hand-recording  aetfaod  of 
data  logging  directly  froa  the  counter  displays. 

The  circuit  aeaory  feature  was  designed  around  four,  64 
bit  shift  registers  (C04031) . The  shift  registers  bad  a 
direct  input  and  a recirculating  mode  of  operation  allowing 
input  data  tc  be  stored  permanently  and  circulated  around 
the  register  or  to  be  continuously  updated  by  subseguent 
recording  cycles  of  the  LOA  systea. 

Each  bit  (1,  2f  U,  8)  of  data  was  connected  to  a 
respective  shift  register, and  an  external  (circuit  card 
mounted)  SPOT  switch  selected  the  circulate  or  direct  serial 
input  mode  of  operation  of  the  shift  registers.  The 
recorder  timing  reference  signal  was  utilized  to  clock  the 
data  into  tte  registers  just  as  the  signal  clocked  the  data 
into  the  tape  recprder  buffer.  At  the  terainaticn  of  the 
record  cycle  the  shift  registers  then  contained  all  256  bits 
of  data  of  the  BCD  data  output  of  the  LOA  system.  After  the 
data  was  stored  in  the  shift  register,  it  was  cycled  digit 
by  digit  to  the  output  connection  by  seguentially  toggling  a 
'bcunceless*  switch.  The  shift  register  contents  were 
displayed  on  a single  digit  seven  segment  display  (BAN4) 
enabling  visual  observation  of  each  digit  of  data  stored  in 
the  four  shift  registers.  The  bounceless  switch  also 
toggled  a programmable  divide  by  10  down  counter  (CL4029) 
which  provided  a second  digit  visual  display  to  assist  the 
operator  keep  track  of  the  data  location  during  the  display 
cycling.  The  programmable  counter  was  designed  to  count 
down  from  6 tc  1. 
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The  tounceless  svitch  was  designed  with  a cross-ccupled 
pair  of  daal  input  Schaidtt  Trigger  HAND  gates  as  shown  in 
Figure  16.  The  logic  of  the  switch  works  in  the  following 
■arner.  iith  the  pushbutton  switch  (circuit  board  aounted) 
undepressed  the  noxaally  closed  (HC)  connection  applies  a 
ground  tc  one  input  of  one  of  the  NAHD  gates.  A logical  0 
at  the  input  of  a NAND  gate  ensures  a logical  1 at  the 
output  which  is  connected  to  one  input  of  a second  NANO 
gate.  The  other  input  to  this  NANO  gate  was  connected  to 
-»12  volts  through  a resistor  thus  ensuring  that  the  output 
of  the  gate  was  a logical  0.  The  0 output  connected  to  the 
second  input  of  the  first  NANO  gate  thus  ensured  a stable  1 
anc  0 at  the  outputs  of  the  gates.  Cepressicn  of  the 
pushbutton  switch  interchanged  the  ■•'12  vols  and  the  ground 
between  the  inputs  pf  the  NANO  gates  causing  the  outputs  of 
each  to  switch  states.  This  transition  provided  a 
aechanically  operated  clock  to  toggle  or  shift  the  data  in 
the  registers  and  to  toggle  the  divide  by  eight  and  divide 
by  ten  counters. 

As  each  four  bit  digit  of  data  appears  at  the  serial 
output  of  the  four  shift  registers  it  is  connected  to  the 
input  of  a £CC  to  seven  segaent  converter/dri ver  (C04511). 
The  corresponding  seven  segaent  data  is  directly  connected 
through  2.2  Kcha  resistors  for  current  liaitiog  to  the  anode 
eleaents  cf  the  NAN4  'Data*  display.  The  coamon  cathode 
eleaent  cf  the  display  is  grounded  thus  each  digit  of  data 
is  displayed  as  the  bounceless  switch  is  toggled. 

One  output  of  the  bounceless  switch  is  also  parallel 
connected  tc  tbe  clock  inputs  of  a divide  by  8 counter 
(CC4022)  and  a prograaaable  divide  by  10  counter  (CD4029) . 
The  divide  by  8 counter  provides  the  prograaaing  input  to 
tbe  decade  counter  through  a aonostable  multivibrator 
(CC4047)  . The  *0*  output  of  the  octal  counter  is  connected 
to  the  positive  clock  input  cf  the  multivibrator.  On  the 
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fO£itive  transiticD  of  the  *0*  output  of  the  octal  ccunter 
the  ouput  of  the  ncnpstable  goes  high  for  a period  of  about 
5 licrcseccods.  This  output  is  connected  to  the  *6*  Jaa 
input  of  the  decade  counter  which  drives  the  ccunter  output 
to  a 1000  BC£  code  (decimal  8) . 


The  BCD  outputs  of  the  decade  counter  are  also  connected  to 
a second  EC£  to  seven  segment  decoder  and  the  outputs  of  the 
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dccO'Jec  ace  ccDoected  directly  to  tha  anode  segnents  of  a 
second  HAM4  digit  display.  The  cesalting  display  after  a 
'jaa*  input  to  the  decade  counter  is  a deciaal  *8*.  As  the 
cycle  siiitch  is  toggled  the  decade  counter  counts  dcuc  frog 
8 to  1 as  the  cctal  counter  counts  froa  0 to  7. 

Initializing  the  counters  is  acccaplisbed  by  using  the 
' write ' signal  to  reset  the  octal  counter  which  in  turn 
presets  the  decade  counter  to  a deciaal  8 output.  The  write 
signal  is  buffered  and  inverted  at  the  input  by  a two  input 
NAHD  gate.  Both  inputs  of  this  gate  are  connected  together 
anc  the  output  is  connected  to  the  input  of  a second  HAND 
gate  where  the  buffered  clock  signal  is  NANDed  with  the 
bounceless  switch  signal  to  provide  an  OR  gating  of  these 
two  signals  to  the  clock  input  of  the  shift  registers.  Thus 
during  the  record  cycle  there  is  a means  for  the  'write' 
signal  tc  reset  the  petal  counter  and  clock  in  the  data,  but 
at  the  ccapletion  c£  the  record  cycle  a logical  0 is  placed 
on  the  reset  input  of  the  octal  counter  enabling  the  counter 
to  increaent  witn  the  bounceless  switch. 

To  operate  the  test  circuit  the  printed  cir  iit  board 
was  plugged  into  an  18  pin  edge  connector  receptacle  or  the 
rear  panel  of  the  Becorder/Deck  Control  Box.  Power  is 
applied  tc  the  circuit  board  whenever  power  is  applied  to 
the  tape  recorder  by  the  toggle  switch  also  located  cn  the 
rear  panel  of  the  Deck  Control  Box.  After  the  LDA  has  gone 
through  a saaple  and  subsequent  record  cycle  data  is 
registered  in  the  test  board  shift  registers.  To  display 
the  data  on  the  'DATA'  LED  display  the  'CYCLE'  pushbutton 
switch  aost  be  pushed  and  released  64  tiaes  to  sequentially 
display  the  stored  digit  data.  At  the  saae  tine  that  the 
CYCLE  switch  is  pushed  the  DIGIT  LED  display  indicates  the 
relative  location  of  the  'pushing'  cycle  by  counting  down 
frea  8 tc  1 a total  of  eight  tiaes.  The  displayed  data  is 
then  correlated  with  the  visually  displayed  data  of  the  LDA 
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to  check  foe  pzopec  systen  operation.  It  should  he  noted 
that  the  hard  wired  1010  code  which  is  the  first  dicit  of 
data  out  cf  the  LCA  systes  is  converted  to  a blank  output  by 
the  BCC  tc  seven  segaent  decoders,  thus  the  initial  displays 
after  the  recording  cycle  will  always  be  a 'blanked*  DATA 
digit  and  an  *8*  on  the  DIGIT  display. 


H.  BISCIILAKECQS  CIBCOIIS 


I*  Scan  Signal  Buffer 

To  provide  adequate  buffering  and  reduce  the  fanout 
reguireaects  of  the  scan  frequency  divider  circuit,  the  scan 
output  of  the  C04017  divide  by  ten  counter  IC  referred  to  in. 
Figure  13  was  connected  in  parallel  to  the  inputs  of  four  2 
input  OE  gates.  Each  Ofi  gate  output  was  then  connected  to 
two  of  the  required  eight  scan  inputs  of  the  seven  counter 
and  one  digital  clock  systen. The  buffer  is  physically 
located  on  the  Digital  Input  circuit  board. 


2*  3sst  g§cillatcr 

Tc  provide  a test  signal  for  'in-systen*  troubleshooting,  a 
LB566  function  generator  integrated  circuit  was  used  to 
design  a 12  KBz  signal  generator  which  provided  a square 
wave  and  a triangle  wave  output  to  a BNC  panel  connector  on 
the  rear  cf  the  LEA  cabinet.  The  circuit  was  configured  in 
accordance  with  nanuf acturer  application  notes*  and  is 
schenatically  illustrated  in  Appendix  C.  The  test  circuit 
is  operated  hy  connecting  the  test  signal  square  or  triangle 
wave  output  to  the  ppsitive  LDA  input  connector  on  the  rear 
of  the  ICA  cabinet.  Power  is  applied  to  the  circuit  (-M2 
vclts)  by  turning  the  'TEST  SIGNAL'  toggle  switch  on  the 
front  ccntrcl  panel  of  the  LDA  to  the  'ON'  position.  The 
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test  oscillatcr  is  also  located  on  the  Digital  Input  circuit 
board. 
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?.  POWBB  SOPPH  CESiqN 


The  basic  powec  to  the  LOA  aod  the  tape  cecocdei  sjsteas 
Nas  pcofided  by  a aanafactaccr  designed  dual  teaching 
cegualted  ±12  vclt  ppwer  supply  nodule  capable  of  a 5 anpece 
output  uith  an  ovexlpad  shutdown  capability.  The  only  input 
cequiced  was  115?/€0Hz  AC  line  voltage.  The  positive  supply 
vcltage  powered  all  of  the  circuits  cf  the  IDA  sjstea  and 
the  aagnetic  tape  recorder  with  a total  lead  of 
approzinatel j 2.75  aaps.  The  negative  supply  was  only  used 
in  the  LEA  systea  for  the  analog  vcltage  ccaparators  and  the 
input  operational  aaplifiers  which  provided  an  approiiaate 
50  aa  lead.  As  previously  noted  the  negative  power  supply 
was  also  used  in  peripheral  eguipnent  of  the  BFI  neasuieaent 
systea  tc  previde  power  for  renote  tuning  of  a tunable 
bandpass  and  notch  filter. 

The  secesd  part  pf  the  power  systea  (backup  power)  was 
10  series'ccnnected  nickel>cadaiua  cells  rated  at  a ncainal 
1.25  volts  each  tc  provide  a *13.8  volt  backup  power  source 
for  the  digital  circuits  of  the  IDA  and  the  tape  recorder. 
The  backup  pewer  ensured  that  the  tine  circuits  and  the  tape 
recorder  reaained  stable  and  operating  in  the  event  of  loss 
of  noraal  power.  The  battery  package  was  capable  cf  an 
approziaate  2.0  aap-hour  output  which  provided  a relatively 
long  tine  backup  power  source  for  the  *12  volt  load.  The 
overall  design  cf  the  power  systea  is  illustrated  in  figure 
19.  Both  the  battery  source  and  the  *12  vclt  source  were 
connected  tbreugh  series  diodes  to  a oain  *12  volt  EC  bus 
which  suppled  *12  volts  to  the  tape  recorder  and  the  IDA 
circuits . 
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A trickle  current  for  battery  charging  was  supplied 
directly  tc  the  battery  tereinals  through  a 680  oha  series 
dropping  resistor  and  a series  diode  froi  a peripheral  ■•'36 
vclt  power  scpply  physically  located  in  the  Deck  Contrcl  Box 
with  the  battery  system.  To  ensure  that  the  trickle  charge 
actually  charged  the  battery  and  did  not  provide  current  to 
the  *12  vclt  lead,  three  diodes  were  connected  in  series 
with  the  battery  and  the  >12  volt  bus.  During  roreal 
operation  the  ±12  volt  power  supply  output  was  apprcxixately 
12.5  volts,  and  the  voltage  was  dropped  to  11.8  volts  by  the 
aacunt  of  the  0.7  volt  drop  across  the  diode  in  series  with 
the  power  supply,  consequently  with  11.8  volts  cn  the 
cathode  eleeent  and  13.8  volts  on  the  anede  eleeent  the 
three  series  diodes  are  not  biased  in  the  forward  direction 
and  battery  current  to  the  DC  bus  in  ainioal.  In  the  event 
of  an  AC  power  failure  or  inadvertent  systea  shut-off  at  the 
front  panel  the  battery  supplied  approximately  11.7  volts  to 
the  DC  bus,  and  the  diode  in  series  with  the  '•■12  vclt  power 
supply  prevented  excessive  battery  discharge  through  the 
power  supply. 

The  final  additipn  to  the  power  system  was  a logic 
circuit  tc  provide  a signal  to  the  LDA  that  there  was  an  AC 
power  interupt  during  a sampling  cycle.  The  circuit  was 
designed  with  a DIF  relay  to  provide  a reset  pulse  tc  the 
counter  circuits  during  a power  interupt.  The  reset  signal 
was  only  connected  to  the  counter  circuits,  and  it  did  not 
in  any  way  interupt  or  reset  the  remaining  IDA  timing  and 
control  functions.  The  reason  for  this  procedure  was  to 
enable  the  determination  that  a power  interupt  had  occurred 
by  analysis  of  the  recorded  output  data  during  data 
reduction.  If  a power  interupt  occurred  at  some  point 
within  a sample  cycle  the  counters  would  be  held  reset 
during  the  time  cf  the  interupt,  and  subsequent  totalisation 
of  the  counter  contents  would  then  indicate  that  an 
incomplete  sample  period  had  been  executed  because  the  total 
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of  the  ccuntecs  uculd  not  have  been  the  pcedetecained  total 
as  preeicusl]  indicated  in  the  Counter  Cesign  section.  The 
circuit  to  protide  the  reset  toltage  was  designed  by 
connecting  the  coil  pr  the  relay  to  the  *^2  volt  output  of 
the  povex  supply.  The  noraally  open  contact  of  the  relay 
Mas  left  open  and  the  noraally  closed  contact  was  connected 
to  the  -»12  volt  DC  bus.  The  pole  connection  of  the  relay 
switch  was  connected  through  a series  resistor  to  the 
counter  reset  line.  During  noraal  operation  the  energized 
relay  would  be  in  the  *NO*  position  and  no  voltage  would  be 
applied  to  the  reset  line,  if  the  power  supply  ^*^2  volt) 
decreased  below  the  relay  holding  voltage  (approxinately  10 
volts)  the  *NC  contact  would  connect  the  12  volt  DC  bus  to 
the  reset  lice,  and  the  counters  would  be  held  reset  until 
nexaal  circuit  funettens  were  restored. 
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figure  19.  Power  Systea  Wiring  and  Logic. 
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The  logic  ciccait  (relay)  was  aounted  on  a saall  printed 
circuit  hoard  which  was  bolted  to  the  back  panel  c£  the 
printed  circuit  board  card  cage.  The  reguired  connections 
were  then  wade  by  direct  wiring  into  the  «>12  volt  buses  and 
the  counter  reset  line  as  shown  in  Figure  19. 
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VI . PHISIC^L  qCMSIBOCTIOM 


Ibe  asscably  of  printed  cirait  card  hclders  and  viring 
between  circuit  beards  and  panel  controls  was  acccaplisbed 
with  consideration  for  analog  and  digital  isolation*  BFI 
inanity*  laintainability*  and  operability. 

Ill  digital  circuits  discussed  in  the  Design  section 
were  constructed  on  easily  reacvable  printed  circuit  (PC) 
beards  which  plug  directly  into  standard  edge  connecters. 
The  seven  counters  plug  into  18  pin  edge  connectors  and  the 
ether  three  circuit  boards->'>Control*  Becerder  Data  Output* 
and  Digital  Input-plugged  into  standard  40  pin  edge 
connectors.  All  EC  board  edge  connector  contacts  were  gold 
plated  tc  reduce  pctential  high  ohsic  contact  between  the 
edge  connecter  sockets  and  the  PC  board.  The  printed 
circuit  beards  were  installed  in  a single  alasinue  enclosed 
card  cage  with  frpnt  access  for  easy  resoval  or  easy 
extension  with  constructed  18  pin  and  40  pin  printed  circuit 
extender  boards  designed  to  enable  access  to  the  circuit 
board  cospenents  fros  the  outside  of  the  card  cage  (see 
Figures  27  and  29*  Appendix  0) . This  allowed  easy 
aeasuresent  cf  voltages  and/cr  logic  levels  directly  oc  the 
printed  circuit  board  while  the  circuit  was  in  normal 
operation.  All  that  was  required  for  test  eguipaent  to 
check  each  circuit  was  a caos  logic  clip  which  connected 
directly  cn  each  integrated  circuit*  a standard  voltmeter 
and  an  oscillcscpe  when  regained. 

The  EC  beard  edge  connectors  bolted  on  the  rear  cf  the 
card  cage  were  interconnected  with  wiring  bundles  soldered 
directly  to  the  edge  connector  contacts.  Bach  bundle  group 
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Has  sacozel;  Hcapped  and  bound  to  the  card  cage  to  decrease 
the  possibility  of  vibration  or  aechanical  icveaent  of  the 
Hires  cr  sclder  connections. 

The  aluiinuB  card  cage  container  nas  a specially 
constructed  bcz  nith  reaovable  top  and  front  panel  ccvers. 
The  top  Has  reaovable  to  provide  access  to  the 
interconnecting  Hire  bundles  and  the  actual  EC  card 
retainers  and  edge  connectors.  The  front  panel  was  a binged 
doer  providing  access  to  the  PC  boards  for  reaoval  or 
extension  during  troubleshooting  and  aaintenance  operations. 
The  panel  door  nas  constructed  and  gasketed  nith  an  B?I 
Hebking  aaterial  tc  ensure  a good  BFI  seal  ehen  closed  and 
fastened  nith  13  screws  that  secured  the  front  panel  door 
directly  tc  the  card  cage  and  the  aain  fraae  front  panel  of 
the  LEA  cabinet. 

To  provide  visibility  of  the  counter  and  digital  clock 
visual  displays  which  were  aounted  on  their  corresponding  PC 
beards  with  vertically  aounted  right  angle  DIP  sockets  the 
front  panel  door  was  constructed  with  twe  windows  in  it« 
The  windCHS  were  cpvered  with  BFI  screened  red  filter 
plexiglass  that  enhanced  the  visibility  of  the  LEO  displays 
and  provided  good  BFI  filtering  to  protect  the  digital 
circuits  fret  excess  noise  and/or  BFI. 

All  icterccnnectlons  aade  between  the  analog  and  digital 
circuits,  the  frent  panel  switches,  and  external  panel 
aounted  ccnnector  fittings  were  aade  by  either  connecting 
Individual  wires  tp  feedthrough  capacitors  or  to  SBA  panel 
connectors  fer  coaxial  cable  connections.  Coaxial  cables 
were  used  for  connections  between  the  analog  and  the  digital 
circuits  boxes  and  between  the  period  divider  chain,  the 
external  SPUT  *period*  selector  switch  and  the  counter 
enable/disable  circuitry  discussed  in  the  control  section. 
Two  additicarl  ccajcial  connections  were  aade  ftoa  the  test 
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fanctioo  geacxator  circuit  constructed  on  the  Digital  Input 
PC  board  tc  BMC  fittings  on  the  outside  rear  panel  cf  the 
L£1  cabinet. 

The  input  pover  supply  voltages  and  the  tape  recorder 
tiling  signal  and  ECO  data  output  jack  were  connected  tc  the 
digital  circuits  through  1000  pf  feedthrough  capacitors 
which  decoupled  the  lines  and  ensured  laziiui  BFl  and  noise 
protection. 

The  labeled  frcat  panel  switches  and  panel  aeter  of  the 
LDl  are  shewn  in  the  systee  photos  in  Appendix  0«  ard  the 
wiring  diagxais  in  Appendix  C illustrate  the  wiring 
interconnectiens  of  the  switches/  eeter  and  circuits. 


APPENDIX  A 


CALIBBATICN  PBOCEOOBES 


Becaase 

calibraticn 

acccapllsb. 


the  IDA  is  priaarily  a digital  sjsteo, 
zeguiceaents  az€  both  ainiaal  and  easy  to 
The  aajcr  goal  of  the  LDA  systea  calibration  is 
to  natch  the  LCA  analog  circuit  operating  levels  to  the  BFI 
Neasureaent  systea  which  provides  the  processed  and  detected 
signals  to  the  LDA.  The  general  relation  c£  the  IDA  to  the 
BFI  Neasureaent  Systea  is  illustrated  in  the  systea  block 
diagran  in  the  Introduction. 


The  first  step  in  calibrating  the  systea  is  a rather 
arbitrary  presetting  of  the  #2  analog  voltage  ccaparator 
threshold.  This  step  is  perfcraed  by  utilizing  the  (1) 
Level  Neter,  (2)  external  Level  Adjust  and  (3)  the  circuit 
board  caJibraticn  potentioneter  of  the  #2  conparatcr  to 
establish  a baseline  reference  for  subsequent  systea 
calibraticn,  that  is  the  lowest  coaparator  threshold  is 
aatched  to  a kncwn  signal  level  input  and  a fixed  level 
aeter  reading.  The  result  is  that  aeasureaents  which  are 
taken  will  be  accurately  interpretted  by  knowing  the 
baseline  reference  level  for  the  #2  coaparator  threshold. 


The  lIA  calibration  steps  are  as  follows. 

A.  fieaove  the  top  panel  froa  the  LDA  cabinet. 

6.  Eeaove  the  top  cover  of  the  analog  circuit  board  box 
which  is  located  to  the  rear  of  the  cabinet  on  the  bottoa  of 
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the  chassis 


C.  Cconect  the  I?/Oetectot  system  LDl  ODIPOT  tc  the 
input  c£  the  IIA. 

3.  Cconect  a knoun  signal  level  to  the  input  of  the 
If/Eetectcc  system  log  amplifier.  Note:  -60  dBm  was 
determined  tc  be  the  smallest  signal  that  wonld  ever  be 
present  at  the  input  to  the  log  amplifier*  so  this  level  of 
signal  frcm  an  HP  €6h0b  signal  generator  was  used  for  LOh 
calibration. 

E.  Nith  the  leter  input  selected  to  LEVEL  position  the 
LEVEL  iCJCSl  potentiomenter  for  a reading  of  19.5  microamps 
on  the  LEVEL  netei. 

F.  Select  the  HhNOAL  position  of  the  AOIC/EANUAL 
switch,  MOOC*  on  the  PSBIOD  selector  switch,  and  push  the 
SIABT  poshkuttcn  tc  begin  a 1000  second  saapling  period. 

6.  Adjust  calibration  pot  #1  on  the  analog  circuit  beard 
sc  that  II  and  *2  counters  are  both  countirg  at 
approximately  the  same  rate.  Determination  of  an 
approximately  equal  count  rate  may  be  accomplished  by 
resetting  and  restarting  the  count  cycle  a number  of  tines 
while  observing  the  numbers  displayed  in  the  *1  and  #2 
counter  displays. 

H.  Eith  the  *3  dfi*  level  interval  selected  increase  the 
signal  generator  output  level  by  3 dB  steps  and  adjust  the 
cemparater  thresholds  of  the  remaining  cemparators  sc  each 
consecutive  pair  of  counters — 2 and  3,  3 and  4,  4 and  5,  5 
and  6 — are  both  epunting  at  an  equal  rate.  For  each  pair 
adjust  calibtation  pots  *2,  #3,  #4,  and  #5  at  input  signal 
levels  cf  -57  dBm,  -54  dBm,  -51  d£t  and  -4€  dBm 
respectively . 
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I.  Hitb  tb€  *10  dB*  level  interval  selected  increase  the 
signal  generator  outgut  level  by  10  dB  steps  relative  to  the 
initial  value,  -60  dBa.  Adjust  calibration  pots  #2*,  #3', 
#4*  and  #5*  at  signal  levels  of  -50  dfia,  -40  dBm,  -30  dBa 
and  -2C  dEa  respectively  for  the  counter  indications 
described  in  step  B. 

J.  The  gain  of  the  lOA  analog  preaaplifier  was 
preadjusted  tc  be  approziaately  egual  to  *1*.  Therefore  to 
ensure  the  capability  of  circuit  board  replaceaent,  the 
seccnd  (spare)  circuit  board  should  be  calibrated  at  the 
saae  tine  vith  the  sane  reference  level  (-60  dBa)  that  was 
used  with  the  priaary  circuit  beard.  Hith  the  output  froa 
the  signal  generator  set  to  -60  dBa  and  the  LEVEL  ADJOST 
control  undisturbed  froa  the  position  used  during  the 
calibraten  cf  the  priaary  circuit  board,  change  circuit 
hoards  and  adjust  the  gain  control  potenticaeter  for  a 19.5 
aiezoaap  reading  on  the  LEVEL  aeter.  This  ensures  that  both 
the  priaary  and  spare  circuit  boards  have  the  saae  reference 
threshold. 

K.  Proceed  with  calibration  as  in  steps  F through  I. 

L.  After  the  analog  circuit  board  is  calibrated  the  LDA 
aeter  is  adjusted  to  shift  the  base  line  reference  aeter 
reading  to  a sore  convenient  value  of  20.0  aicroaaps.  This 
is  acccaplished  by  disconnecting  the  input  froa  the  LBA  and 
shorting  the  input  terainals  together  to  * zeroize*  the  input 
to  the  LLA.  Then  set  the  ‘LEVEL  ADJUST*  ccntrol  sc  both 
counters  #1  and  *2  are  counting  and  adjust  the  'HETEB  ZEBO* 
cn  the  face  cf  the  aeter  to  obtain  a aeter  reading  cf  20.0 
licroaaps.  This  adjustaent  aay  also  be  aade  whenever 
necessary  during  noraal  systea  operation. 

The  steps  above  provide  a general  calibration  procedure 
for  the  1£A  systea,  but  to  effectively  deduce  the  aeaning  of 
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th€  output  data  the  thresholds  of  the  ccaparatcrs  aust 
correlate  with  scae  actual  signal  power  level  at  the  antenna 
tersinals  of  the  BFI  Classification  S;stea.  If  the  IDA  is 
calilrated  with  a *60  dfia  signal  connected  to  the  input  of 
the  IF/Cetectcr  leg  aaplifier  circuitry,  the  guestion  asked 
is:  What  is  the  power  level  of  the  corresponding  signal  or 
noise  at  the  antenna  terminals  that  would  cause  the  haseline 
reference  ccenters,  #1  and  *2,  to  both  count?  The  answer  to 
this  guestion  is  deterained  by  the  aeasureaent  and 
calibration  of  the  &P  and  IF  systea  paraaeteis,  but  in  any 
case  the  final  IDA  systea  calibration  aust  be  the  full 
utilization  of  the  BF/IF  systea  gain,  noise  figure,  Y 
factor,  and  correction  factors  to  provide  an  absolute  power 
label  for  tie  thresholds  set  in  the  LOA  systea.  It  should 
be  noted  that  different  inputs  such  as  Gaussian  noise  and 
unaodulated  CN  signals  result  in  different  levels  of 
detected  signal  at  the  output  of  the  log  aaplifier, 
therefore  final  baseline  reference  labeling  oust  also 
include  correction  factors  for  different  types  of  signals 
and  their  baedwidths  as  well  as  various  systea  gale  and 
frequency  configurations. 
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APPENDIX  B 


OPEBAIING  PBOCEDDBES 


The  cperating  procedures  for  the  LDA  are  quite  sinple 
and  in  general  require  only  livited  experience  and  general 
LCA  systei  kiculedge  from  the  operator.  The  LDA  systei  may 
be  operated  in  either  a manual  or  automatic  mode  and  either 
configuraticE  requires  minimal  control  manipulation  and 
adjustment.  Ihe  system  configuration  in  general  is  at  the 
discreticn  cf  the  operator  and  where  pertinent  is  governed 
by  the  characteristACS  of  the  signals  to  be  analized  by  the 
LDA.  The  procedures  outlined  in  this  Appendix  are 
applicable  to  the  BFI  Classification  System  for  which  the 
ODA  has  been  designed,  and  thus  fellow  guidelines 
established  by  experience  gained  during  initial  system  test 
trials. 

Ihe  fcllcwing  pperating  procedures  are  set  forth  to 
perform  tbe  analysis  cf  a narrow  band  cf  signals  withn  one 
of  the  sub-bands  cf  the  240  HHz  to  400  HHz  spectrum.  Befer 
to  the  Introcucticn  for  overall  system  hookup  and  the  signal 
processing  flew. 

A.  Tune  all  filters  utilized  in  the  BFI  Heasurement 
System  cenf iguratior  to  the  frequency  band  of  interest. 
This  includes  centering  the  manual  and  remotely  tuned 
bandpass  filters  (if  used)  at  the  center  frequency  and 
tuning  the  manual  and  remotely  tuned  notch  filters  (if  used) 
away  free  the  center  frequency  or  on  an  interfering  signal 
to  be  notched  cut  cf  the  BF  system. 
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£.  luio  the  If  system  attenuation  to  0.0  dB  and  select 
the  desired  If  system  filter  bandwidth  (30,10  or  3 KHz). 
Set  the  If  gain  as  required  to  obtain  the  desired  signal 
lewel. 

c.  Select  the  appropriate  bandwidth  for  the  Bf  system 
(1  or  10  BHz)  on  the  Bf/Blanker  box.  Select  the  appropriate 
Bf  channel  cn  the  'Ojeck  control*  box. 

D.  Set  the  synthesized  local  oscillator  frequency 
output  tc  30  HHz  below  the  BF  center  frequency  of  interest. 
Note:  The  If  system  bandwidth  is  30  NBz  at  the  input  to  the 
If  amplifier. 

E.  lerminate  the  input  antenna  terminals  with  a 5C  ohm 
lead  by  selecting  NOISE  DIODE  ensuring  that  the  noise  diode 
power  is  Cff. 

f.  Hith  the  meter  input  selected  to  LEVEL  set  the  LEVEL 
ACJOST  ccstrcl  on  the  LDA  to  obtain  a 20.0  microamp  reading 
on  the  lEVEl  BETEE. 

G.  Beturn  the  antenna  terminals  to  the  ANTENNA  position 
on  the  Ceck  Control  Box.  At  this  point  the  reception  of 
signal  and/cr  noise  should  be  indicated  in  the  form  of  a 
greater  needle  deflection  on  the  level  meter. 

H.  Select  an  amount  of  attenuation  on  the  If  bex  to 
reduce  tbe  ICA  1E.VEL  meter  reading  to  approximately  20.0 
sicroamps.  Ibis  step  ensures  maximum  dynamic  range  (counter 
2 through  6]  for  subsequent  analysis  of  the  input  signals 
with  the  IIA.  Note:  Do  net  readjust  the  LEVEL  ADJUST 
contol  cn  the  LDA  after  the  original  setting  was  established 
in  step  f. 

I.  Select  the  desired  LDA  PEBIOD  (1,  10,  100  or  1000 
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s«ccnds)  foi  tbc  desired  saapling  tiae.  Select  the  3dfi  or 
10  dfi  level  ioterval  as  desired  cr  as  dictated  by  the 
dyoaaic  range  oi  the  input  signal. 

J.  Select  the  desired  LDA  CODE  digit—this  selection 
has  no  eiiect  cn  the  analysis  results. 

K.  Set  up  the  tape  recording  systea  for  legging 
operation  as  fellows.  Turn  on  the  power  to  the  tape 
recorder « data  lest  circuit  snd  the  battery  charging  circuit 
by  flipping  the  saall  toggle  s:«itch  located  on  the  rear 
panel  of  the  Deck  Control  Box  to  the  ON  pcsition.  At  this 
tile  the  EEC  power  light  will  be  illuainated  on  the  front 
panel  of  the  tape  recorder.  Access  to  the  front  panel  is 
gained  by  levering  the  hinged  door  on  the  frent  panel  cf  the 
Deck  Ccctrcl  Box.  After  access  has  been  gained  to  the 
recerder  front  panel  a cassette  tape  aay  be  inserted  into 
the  cartridge  slot  in  the  recorder.  Approxiaately  18 
secends  after  the  cartridge  is  inserted  the  BEAOI  light  on 
the  front  panel  of  the  recorder  will  illuainate.  Legging 
operation  lay  begin  at  this  point  and  the  recerder  will  log 
several  bcuzs  of  data  (approxiaately  2 Billion  bits) . 

L.  Ecr  eutcaatic  operation  select  AOIC,  and  the  systea 
will  saiple  and  record  autoaatically  with  a period  equal  to 
the  selected  fEBlOO  plus  one  second  (all  functions  start  and 
stop  in  coincidence  with  the  changes  of  unit  seconds  cn  the 
digital  deck) . 

H.  Fee  lannal  eperation  select  HANOAL  and  at  the  desired 
tile  push  the  SIABI  pushbutton  and  hold  it  in  for  at  least 
one  second.  The  systea  will  saaple  for  the  selected  period 
of  tiae,  recerd  and  then  halt  in  an  idle  state. 

M.  Ihe  systea  nay  be  stopped  at  any  point  in  the 
saipling  cycle  by  depressing  the  BESET  pushbutton.  Bovever, 
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if  AQIO  has  fesn  selected  the  system  will  start  a subsequent 
count  cycle  vitbin  one  second  after  the  reset  button  is 
released.  If  the  manual  mode  is  being  used  the  systec  will 
reset  and  remain  in  an  idle  state  until  the  STABI  buttcn  is 
pushed  again. 

0.  At  this  point  the  actual  LOA  function  has  been 
performed,  but  it  is  mandatory  to  log  all  pertinent  system 
coof iguraticr  data.  System  gain  (attenuation) , center 
frequencies,  filter  bandwidtbs,  Iccal  oscillator 
frequencies,  1£A  periods,  LDA  level  intervals  and  the  tine 
of  the  evert  should  be  appropriately  logged  to  ensure  that 
the  analysis  data  may  by  reduced  to  a meaningful  signal 
density  classif icatipn. 
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APCEMOIX  C 


EEINTES  CIBCOIT  BOifiD  SCHBBATIC  CIEGfiAHS 


Figure  20.  Analog  Circuit  Board  Schematic, 
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Figure  23 • Control/Timing  Circuit  Board  Schematic. 


Figure  24.  Recorder  Data  Output  Circuit  Board  Schematic. 
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Front  Panel 


28.  LDA  Cabinet  Interior 
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